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1.0 Introduction

Shaw Environmental, Inc. (Shaw) has prepared this Human Health and Screening Level
Ecological Risk Assessment (HHRA/SLERA) for the Quality Analytical Services (QAS)
property located at 1633 Marsh Avenue, Blue Summit, Missouri (site). A Site Location Map is

provided as Figure 1.

This assessment was conducted in accordance with applicable Environmental Protection Agency
(EPA) guidance documents (USEPA, 1989, 1997, 2001, 2004). The main references include
EPA’s Risk Assessment Guidance for Superfund (RAGS) documents, EPA Soil Screening Level
guidances, and recent Superfund and Resource Conservation and Recovery Act (RCRA)

memorandums on the subject.

This HHRA/SLERA report also incorporates comments received from U.S. EPA Region 7 (April
17, 2006) and Missouri Department of Natural Resources (MDNR, June 29, 2006). Specific

responses to agency comments are included as an attachment to the cover letter for this report.

Several site investigations, remedial activities and on-going monitoring activities have been
conducted at the site. As such, the MDNR has received various reports regarding the site
characterization and groundwater monitoring. Previously-submitted data is summarized in this
HHRA/SLERA report. It should be noted that there are ongoing groundwater treatment and
monitoring activities on site to address and remediate residual groundwater impacts associated

with former source area materials.
The main components of the report are as follows:

e Site-Specific Information in Section 2, which summarizes the site location, history and land
use;

e Summary of Comprehensive Site Investigation Findings in Section 3, which summarizes the
findings of previous site investigations;

e Human Health Risk Assessment in Section 4, which describes the data evaluation, conceptual
site model, exposure models, toxicity assessment and risk characterization;

e Screening Level Ecological Risk Assessment in Section 5, which discusses potential
ecological hazards; and

e Summary and Conclusions in Section 6.

A reference section is provided in Section 7.
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20 Site Description and Land Use

The QAS property, consisting of a 1.5-acre former used-oil collection and recycling business, is
located at 1633 Marsh Avenue, in Blue Summit, Jackson County, Missouri (Figure 1). The site
was originally operated as a used oil collection and recycling business under the name Radium
Petroleum beginning in 1958. Deffenbaugh Industries, Inc. (Deffenbaugh) acquired the property
in 1974, and changed the name to Industrial Service Corporation in 1988. The official site name
as listed with MDNR is Quality Analytical Services (QAS). The property is no longer active and
has gone through various remedial activities since 2000, including the following:

e an interim soil removal action to remove impacted soil associated with the former tank farm,
¢ installation of a composite cover system over the excavated area,

o the installation of a groundwater interceptor trench, and

e the installation of a groundwater treatment system.

21 Current Land Use

The QAS property is currently a non-active industrial property consisting of a 3,500-square foot
two-story, slab-on-grade, building and adjacent land. Access to the site is restricted by a chain-
link fence. Properties immediately surrounding the QAS site are vacant with no structures. The
QAS site backs to a limestone outcropping that is approximately 50 to 75 feet high, and forms
the bluff east of the subject site. This land is undeveloped and wooded. A former landfill is
located beyond the vacant properties to the north and east of the site (Figure 2).

The property adjacent to the north is a grassy, vacant parcel owned by Deffenbaugh. Beyond the

Deffenbaugh-owned property is property that is used for commercial business.

To the south, immediately adjacent to the QAS site, is a non-developed industrial/commercial
property used as a parking lot and for the storage of trash dumpsters. The adjacent southern
property is owned by Deffenbaugh. Beyond the dumpster storage yard/parking lot to the south
are properties containing two mobile homes with addresses of 1715 and 1811 Ashland Drive.
These are the nearest residential properties to the site, located approximately 300 feet from the
south boundary of the site. Potable water for these mobile homes is obtained from the City of
Independence. The nearest well, EPA-R-3 located within 50 feet of the nearest mobile home to
the site and has had non-detect results. Land to the south is largely undeveloped for
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s
approximately 2 mile. Approximately '2 mile south of the site is a small residential area at 22nd
Street and Ashland Drive.

To the west of the QAS site, across Marsh Avenue, is the former Livers Bronze Co. property,
which is currently vacant, undeveloped commercial/industrial property, also owned by
Deffenbaugh. Access to this property is restricted by a fence. Beyond the vacant property is
Interstate Highway 435 (1-435). West of 1-435 is vacant land and an oxbow of the Blue River.
The oxbow was created as a result of the U.S. Army Corps of Engineers flood control project
that re-routed the flow of the Blue River. The oxbow is the former river channel, although it has
been highly modified and now serves primarily as a detention basin. Land between the oxbow
and I-435 is vacant and not available for development, as it is part of the interstate highway
system. Land west of the oxbow is occupied by several automobile salvage yards and a non-
operational grain elevator. West of the automobile salvage yards and grain elevator is

Manchester Trafficway and the Blue River.

Currently, potable water, sanitary sewer service, telephone, and electrical services are available
at the QAS site. Sewer services are provided by the City of Kansas City, Missouri. In general,
residential areas west of the Blue River and south of the QAS site include single-family homes
not exceeding 2,000 square feet. A water well search from the Missouri Geological Survey and
Resource Assessment Division using a 1-mile search radius for Public Supply Wells and a
“a-mile search radius for private water wells was conducted. The results of the water well search
indicated no private water wells within the one-mile radius. See Figure 3 for results of the water

well search and Appendix A for the complete search records.

Potable water is supplied by the City of Independence, which obtains water from the Missouri
River Alluvial Aquifer. Thirty-eight supply wells, which were drilled from 75 to 135 feet below
ground surface (bgs) with an average depth to groundwater of 25 feet, are located north and
south of the Missouri River at the Courtney Bend Water Treatment Plant. The facility was
constructed in 1954 and services 250,000 customers. The City is able to supply 42 million
gallons per day (MGD) of treated water with an average demand of 27 MGD. The Courtney
Bend facility and well field is located approximately 7 miles northeast of the Site. The City of
Independence serves all areas with potable water east of [-435 in the vicinity of Blue Summit,
Missouri. The City of Kansas City, Missouri, provides potable water to all businesses and
residents west of 1-435.
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2.2 Future Land Use

Future land use at and near the site is expected to remain commercial/industrial. The area is
zoned for such land use. The probability that groundwater could be used as a future source of
water for domestic consumption was evaluated based on consideration of the following factors:

Current groundwater use patterns in the vicinity of the site under evaluation,

Suitability of use [e.g., total dissolved solids (TDS), yield, water quality],

Availability of alternative water supplies,

Activity and Use Limitations (AULs),

Urban development considerations for sites in areas:

a. of intensive historic industrial/commercial activity,

b. located within metropolitan areas with a population of at least 70,000 in 1970, and

¢. with groundwater zones in hydraulic communication with such
industrial/commercial surface activity.

NhEwND -

2.2.1 Current Groundwater Use
Groundwater is not used for domestic purposes near the site. Potable water is supplied by the
City of Kansas City and the City of Independence water supplies within, and beyond, a one-mile

radius of the site.

222 Suitability

Depth to groundwater on site averages 15 feet bgs. There is a shallow silty aquifer (A zone) and
a deeper sandy aquifer (B zone) at the site. The deeper of the two zones (B zone) is the alluvial
sand aquifer, and it has sufficient capacity for potable use. Bedrock depth ranges from 0 to 74
feet bgs with bedrock outcropping to the east of the site as limestone bluffs. There is a slightly
cemented, fine-grained sand encountered at approximately 40 to 50 feet bgs, which acts locally
as an aquitard (C zone). This aquitard, referred to as the C-zone, has not been encountered east

of Marsh Avenue.

Volatile organic compounds and inorganic compounds have been detected in groundwater
samples from the A, B, and C zones. Specific conductivity was measured and can be related to
TDS. Based on Shaw’s experience with sites with alluvial aquifers in the Kansas City area,
specific conductivity is related to TDS by the following relationship:

TDS (mg/L) = 0.4 x specific conductivity (uS/cm)

Concentrations of naturally-occurring iron and manganese in groundwater samples collected
from all three aquifers at the site exceeded EPA Secondary Drinking Water Standards (SDWS)
of 0.3 mg/L and 0.05 mg/L, respectively (USEPA, 2006). The SDWS for TDS is 500 mg/L.
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In wells on site and within Deffenbaugh-owned properties; four of six samples collected from the
A zone exceeded the TDS standard; three of four samples collected from the B zone exceeded
the TDS standard; and one of two samples collected from the C zone exceeded the TDS

standard. Nitrate (as nitrogen) and sulfate concentrations in site groundwater were less than the
SDWS. Since the TDS and the concentrations of iron and manganese in site groundwater exceed
the SDWS, it is unlikely that the site aquifers are a useable source of potable water.

223 Availability of Alternative Water Supplies
On-site and off-site groundwater is supplied by local municipalities. See Section 2.1 above for

description of local municipal groundwater supplies.

224 Activity and Use Limitations (AULs)

A Land Use Restriction for the QAS site was filed with the Jackson County Recorder of Deeds
in accordance with 10 CSR 25-7.2635, effective since January 30, 1999. Formal notification of
the restrictive land use was also filed with MDNR and USEPA Region 7. The Land Use
Restriction includes the engineered cap area. A copy of the land restriction document is included

as Appendix J.

225 Urban Development

As described above, the site and surrounding area consists of current and historic
industrial/commercial activity, and is located in a densely populated metropolitan area of
Jackson County (according to the Census Bureau, population in 1970 was 654,000). Future land
use on site is expected to remain industrial or commercial. Due to the current zoning,
urbanization and long-term industrial land use of the surrounding area, off-site land is likely to

continue to be industrial and commercial.

23 Summary of Potential On-Site Groundwater Use as Potable Water

Currently, the site and immediate surrounding area is zoned for commercial and light industrial
(warehousing) use. Per discussion with Mr. Randy Diehl, Planner for Unincorporated Jackson
County (816-881-4577), the closest area zoned for residential use is 600 feet southeast of the
southern site boundary. Groundwater is not used as a potable source on-site or in the area; as
local municipalities supply potable water to the area. Results of groundwater quality testing
further suggest that groundwater is not of suitable quality for use as a potable source. Based
upon the above factors, impacted groundwater is not likely to be used as a future source of water
for domestic purposes or consumption. The groundwater pathway is further evaluated in
Section 4.
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3.0 Summary of Comprehensive Investigation Findings

The site has been the subject of environmental investigations beginning in 1986, with an
assessment conducted by EPA. MDNR has administered further investigations and monitoring
for the QAS site. The QAS site is an interim status facility, and has never had a Resource
Conservation and Recovery Act (RCRA) permit. In 1994, QAS and EPA entered into an
Administrative Order on Consent (AOC) for Corrective Action. The AOC established the
procedures to be followed in order to complete a RCRA Facilities Investigation (RFI) to assess
the extent of contamination and to prepare a Corrective Measures Study (CMS) to determine the

most appropriate corrective action to be implemented for site remediation.

The receipt of used oil and process operations ceased at this site in 1996. Tanks and process

equipment were dismantled and disposed of under MDNR oversight in 1998.

3.1 Soil and Groundwater Investigation Summary

Site-specific background concentrations have not been established for metals for either
groundwater or soil. Soil and groundwater data generated from investigations provide spatially
and vertically representative data for all constituents detected at the site. The investigations have

generated accurate data to define the detected constituents in soils and groundwater.

The detected constituents in soil consist of two aromatic hydrocarbons, three chlorinated volatile
organic compounds (VOCs), one semi-volatile organic compound (SVOC) and 16 metals.
Secondary soil sources that could potentially impact groundwater are not apparent when a
comparison of detected constituents in soil and groundwater is made. In general, detected
constituents in groundwater include aromatic hydrocarbons, chlorinated VOCs, 1,4-dioxane,
methyl tert-butyl ether (MTBE) and ten metals.

Based on the site investigation conducted since 1986, 114 borings have been advanced both

on site and off site at the facility. Of these 114 borings, 77 were plugged on completion, 33 were
constructed as monitoring wells, and 4 were completed as extraction wells. Nine of the
monitoring wells were later plugged and abandoned. The remaining 24 wells are utilized in a

Post-Closure monitoring program.

3.2 Closure Certification and Interim Measure Activities

The primary source of site impact was the impacted soil beneath the former used oil
aboveground storage tank (AST) farm. In 2000, impacted soil and concrete beneath the former
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tank farm was excavated and transported off site for disposal. Soil Closure samples were
collected from the excavated area (walls and floor) and analyzed for VOCs, SVOCs,
pesticides/PCBs, herbicides and metals. All data was submitted with the Closure Certification
Report. A composite geosynthetic cover system was installed over the backfilled excavation and
the area immediately surrounding it. Closure Certification was accepted by the MDNR on
January 25, 2002; the facility is now in compliance with the requirements of the approved Post-
Closure Plan dated June 2002.

An interceptor trench was installed as part of these activities, as an interim measure (IM) of the
AOC, for the purpose of extracting light non-aqueous phase liquid (LNAPL) that was observed
in monitoring wells along Marsh Avenue. Operation of the groundwater interceptor trench has
not been successful in recovering all of the LNAPL from the impacted area. LNAPL is present
in wells GW-3, GW-4, and EPA-R-1. LNAPL was also present in well GW-2 prior to
excavation activities, but is no longer observed at a measurable quantity in replacement well
GW-2R. Micro-purge sampling equipment has been installed at these four locations in order to
obtain representative groundwater samples since September 2000. Refer to Figure 2 for the Site

Base Map and location of the monitoring wells.

The IM was modified in June 2002 by the addition of two groundwater extraction wells, PW-1
and PW-2, and in May 2003 by the addition of groundwater extraction wells PW-3 and PW-4
near the downgradient edge of the contaminant plume. Groundwater is extracted from the
extraction wells and an interceptor trench installed beneath a former used oil facility and pumped
to a 1,500-gallon polyethylene holding tank. The tank automatically discharges to two adsorber
units filled with activated carbon treatment media and then to the sanitary sewer. The treated
water is filtered by a 40-mesh Y strainer, and total discharge is monitored by a water meter prior
to discharge. Flow volume is dependant on groundwater yield, which averages approximately
10,500 gallons per day (gpd). The system is fully automatic and operates continuously. This
discharge is monitored under a permit administered by the City of Kansas City, Missouri. The
IM is subject to on-going monitoring.

With closure of this site, post-closure use of the property may involve commercial and/or light
industrial use of the building and areas of the property not impacted by the closure or
post-closure infrastructure at the site.

3.3 Site Geology

The QAS site is situated on the eastern edge of a terrace above the Blue River flood plain,
approximately 700 feet east of the river. Bedrock is exposed in a cliff, which is cut into the bluff
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forming the facility’s eastern boundary. The topography is relatively level in the vicinity of the
site, and slopes gently to the west. Immediately west of the site is a sharp drop in elevation
marking the edge of terrace deposits.

Most of the site is underlain by one to two feet of gravel or other anthropogenic materials.
Underlying the fill material are soils belonging to the Snead-Menfro-Oska association, formed in
loess or residuum from shale and limestone. Below the fill and surface soils, boring logs are
highly variable. Generally, the first unit (Zone A) encountered is a silty clay containing a
moderate density of plant root cavities. This unit is probably associated with loess deposits.
Below this unit, as observed in deeper borings, there appears to be a coarsening downward
sequence beginning with silty clay, to clayey silt, to a variable fine- to coarse-grained sand, and
finally to a sand and gravel layer (B zone) encountered overlying the bedrock. Although the
sequence is laterally variable, there is evidence suggesting that the units thicken to the west as

depths to bedrock increase. The B zone appears to be alluvial in origin.

It has been noted that in the vicinity of monitoring well nests GW-8, GW-9, GW-10, GW-11,
and GW-12, there is a slightly cemented, very-fine-grained sand (C zone). This sand is
encountered at a depth of 40-50 feet bgs and, where present, directly overlies the B zone. This

sand acts locally as an aquitard.

The bedrock consists of interbedded limestone and shale units of Pennsylvanian age. It outcrops
at monitoring well GW-1 and lies at a depth of 75 feet in monitoring well GW-10B, over a
lateral distance of 370 feet.

34 Site Hydrogeology

Prior to 1997, the Blue River was located approximately 625 feet west of the QAS facility. In
1997, the Corp of Engineers relocated the Blue River farther west of the facility leaving an
oxbow between the site and the Blue River. QAS is located within the drainage of the Blue
River, and is approximately 3.5 miles south of the confluence of the Blue and Missouri Rivers.
Under natural conditions, the groundwater flow direction generally follows the topographic
surface. As such, groundwater from the site flows from east to west toward the low lying area of
the oxbow. Average depth to groundwater is 15 feet bgs.

Three groundwater horizons have been identified: silts and clays overlay an intermediate fine-
grained, semi-consolidated sand layer, which overlays a deeper gravel horizon. These
hydrogeologic units are referred to as Zones A, C, and B, respectively. The three zones are not
hydraulically connected based on 1) differerit hydraulic gradients within each zone, 2) different
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responses of each aquifer to recharge from precipitation, 3) concentrations of chemical
constituents in groundwater, and 4) the response of the water level in each zone when the pumps
were turned off for a few days in November 2006. As noted above, the semi-consolidated sand
layer (C-zone) has not been encountered east of the nested GW-11 wells and thus, not
encountered within the QAS property boundary.

The meander of the Blue River that was abandoned by the Corps of Engineers (the “oxbow™)
currently serves as a detention and flood control area for overflow from the current Blue River
channel and for surface runoff, with stone riprap lining the banks, and concrete barriers in the
channel to slow any potential flow of water within the abandoned channel. The Blue River
channel was cut into the shallow A zone aquifer, which begins immediately below ground
surface. The oxbow is incised into the A zone aquifer to a depth of approximately 20 feet. The
current Blue River channel was cut to a depth of approximately 25 feet into the A zone aquifer.

The pumping system at the site was out of service from November 15 to November 21, 2006.
Deffenbaugh personnel measured water levels in site wells during the system shutdown to help
determine what water table conditions would be if the system were shut off. The following table
illustrates the differences in hydraulic gradients for pumping and non-pumping scenarios by

groundwater zone.

Zone Condition Hydraulic Gradient

A Pumping 0.045
Non-pumping 0.045

C Pumping 0.018
Non-pumping 0.025

B Pumping 0.051
Non-pumping 0.047

The hydraulic gradient for the C zone is approximately half of the hydraulic gradient for the

B zone. Although these two units are in contact with each other, each behaves as a separate
hydrogeologic unit. The C zone appears to be a separate point bar and channel sequence
overlying the B zone. Hydrographs of wells GW-11B and GW-11C show different responses to
precipitation events in the two wells, with the B zone responding more than the C zone to
recharge from precipitation. The concentrations of chemical constituents in groundwater are
different enough in the B and C zones to suggest that there is not a hydraulic connection between
the two aquifers. In the course of a November 2000 push probe investigation of the former
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Livers Bronze Facility (off-site to the west), the significant and consistent decrease in drilling
speeds between the A and C zones suggests that there is not likely to be a hydraulic connection

between the two zones.

3.5 Nature and Extent Characterization
3.5.1 Soil

As discussed in Section 3.2, the primary source area was impacted soils beneath the former used
oil AST farm. Impacted soil and concrete were excavated and transported off-site for disposal in
2000. Confirmation soil sampling was conducted and the excavation backfilled. A geosynthetic

cap was installed over the area, and closure was granted by MDNR in June 2002.

Residual constituents detected in soils included aromatic hydrocarbons, chlorinated VOCs,
SVOCs, pesticides/PCBs, and ten metals. The majority of these constituents were detected near
detection levels. A summary of the soils data are provided in Tables 3-1 through 3-4, and

sample locations are provided on Figure 4. Laboratory reports are provided in Appendix B.

Soil samples collected in 1995 from soil borings SB-1, SB-2, SB-3, and SB-4 located in the
northeast corner of the parking lot (off-site) did not indicate that subsurface soils in this area had
been impacted by on-site contaminants. Chemical analysis of these samples indicated non-
detects for the targeted analytes. Delineation of the impacted area is represented on Figure 2 as
Off-Site Area 1.

3.5.2 Groundwater
Well locations are shown on Figure 2. Monitoring wells GW-1 and GW-2R are screened in the
bedrock. Monitoring wells GW-6A, EPA-R1, and GW-11A are screened in the “A” zone.
Monitoring well GW-11C is screened in the “C” zone; encountered to the west of the site,
overlying a deeper “B” zone. Monitoring wells GW-6B and GW-11B are screened in the “B”
zone. Pumping wells PW-1, PW-2, PW-3, and PW-4 are screened across all three zones. Wells
GW-3, GW-4, and EPA-R-3 are installed near the contact with bedrock and may be more closely
associated with the B-zone. Wells GW-5 and GW-7 were installed in silty clay with no mention
of contacting bedrock and may be in the A-zone (although it is likely they were near the contact).

LNAPL is present in wells GW-3, GW-4, and EPA-R-1. LNAPL was also present in well GW-2
prior to excavation activities, but is no longer observed at a measurable quantity in replacement
well GW-2R. Micro-purge sampling results of the LNAPL wells from November 2006 indicated
the presence of the following constituents: arsenic, benzene, butylbenzenes, cadmium,

chlorobenzene, chromium, dichlorobenzeneé, 1,4-dioxane, ethyl benzene, isopropylbenzene,
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methyl tert-butyl ether (MTBE), naphthalene, tetrachloroethene, toluene, trichloroethene, 1,2,4-
trimethylbenzene, 1,3,5-trimethylbenzene, and total xylenes. Of those constituents detected in
the November 2006 micro-purge samples, arsenic, benzene, chlorobenzene, 1,4-dichlorobenzene,
1,4-dioxane, naphthalene, tetrachloroethene, trichloroethene, 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, and total xylenes are present at concentrations exceeding the EPA Region 9
Preliminary Remediation Goals (PRGs) for Tapwater. Benzene is present at concentrations
exceeding the PRG in monitoring wells EPA-R-1, GW-3, and GW-4. PCE and TCE are present
at concentrations exceeding PRG in monitoring well EPA-R-1, and 1,4-dioxane is present at
concentrations exceeding the PRG in monitoring well GW-3.

A number of metals and volatile organic chemicals have been detected in the dissolved phase in
groundwater beneath the On-site Area, as well as in portions of Off-site Areas. Summary of
groundwater data since July 2003 is provided in Appendix C. Since the installation of the
groundwater extraction system, there has been a general downward trend in concentrations. The
charts below depict concentrations over time for wells GW-6B and GW-11B for selected VOCs,
which are within the zone of influence of the remediation system.

Concentration vs Time (GW-6B)

CIS-1,2DCE|  0.036 0.028 0.02 0.013 0.0013 0.0052 0.012

MTBE 0.015 0.01 0.009 0.0021 0.001 0.0034 0.0072

TCE 0.012 0.019 0.0063 0.001 0.001 0.0011 0.0016

Ve 0.0029 0.0022 0.001 0.001 0.001 0.001 0.001
Sample Date
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Concentration vs. Time GW-11B
0.014
—+—CIS-1,2-DCE
—&— MTBE
.01
oo TCE
——\C
0.010
E 0.008
E 0.006
o
0.004
0.002
0.000
Jul-03 Sap-03 May-04 Sep-04 May-05 Nov-05 Apr-06
[CIS-1 ,2-DCE 0.001 0.001 0.001 0.001 0.001 0.012 0.001
IMTBE 0.0049 0.0049 0.001 0.0026 0.001 0.0083 0.001
TCE 0.001 0.001 0.001 0.001 0.001 0.001 0.001
vC 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Sample Date

Concentrations over time of 1,4-dioxane in the downgradient wells screened in the B-zone are
depicted in the chart below. As indicated in the chart, there is a general downward trend of 1,4-
dioxane concentrations in the deeper aquifer wells'.

! Please note that for all charts, non-detects were plotted using the detection limit.
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Jul-03 Sep-2003 May-04 Sep-04 May-05 MNov-05 Apr-06
GW-88 0.036 0.04 0.018 0.026 0.0083 0.0096 0.0079
GW-98 0.084 0.073 0.023 0.032 0.038 0.024 0.035
GW-108 0.052 0.069 0.013 0.043 0.038 0.033 0.024
GW-12B 0.05 0.001 0.0037 0.0036 0.0025
3.5.3 Surface Water and Sediment

On September 8, 2004, Shaw Environmental mobilized to the site to collect surface sediment and
surface water samples. The constituents of concern were VOCs, 1,4-dioxane, and metals. The
samples were collected from the oxbow of the Blue River, located approximately 700 feet west
of the facility on the west side of Interstate Highway 435. The oxbow is the closest

downgradient surface water receptor (possible point of exposure) to the site.

Ten sediment and ten surface water samples (OX-1 through OX-10) were collected at co-located
sites within the oxbow (see Figure 5). In addition, upstream and downstream surface water
samples were collected from the Blue River, BRU-1 and BRD-1, respectively. One duplicate
sample, one field blank, and two trip blanks (one for EPA Method 8260B and one for EPA
Method 1625M) were collected for quality assurance/quality control purposes. Surface water
samples were analyzed for volatile organic compounds utilizing EPA Method 8260B, 1,4-
dioxane using EPA Method 1625M, and total and dissolved metals using EPA Method 6010B.
Sediment samples were analyzed for volatile organic compounds utilizing EPA Method 8260B,
1,4-dioxane using EPA Method 1625M, and total metals using EPA Method 6010B. All samples
were collected in accordance with Shaw’s SOPs for surface water and sediment sampling.
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Since the water in the oxbow was very shallow (less than 2 feet) when the samples were
collected, grab samples were collected from the ten locations (OX-1 through OX-10). The depth
to water was measured at several points along transects, and flow was measured to determine the
mass flux through various parts of the oxbow. Measured flow within the oxbow was generally

slow, ranging from no flow to 0.3 feet/second.

No VOCs were detected in surface water or sediment samples. Metals were detected in both

surface water and sediments. The total metals results in surface water are summarized in Table

3-5, and the metals results in sediments are summarized in Table 3-6. Metals concentrations in

the oxbow samples appear to be consistent with upstream samples, suggesting that the sediments

and surface water of the oxbow are not impacted by chemicals released from the site.

There were no detectable concentrations of VOCs in surface water or sediment
samples collected from the oxbow. VOCs are primary constituents of potential

concern (COPCs) in the site groundwater and soil.

Metals detected in the surface water include barium, manganese, and selenium.
Manganese is the only one of these that is also a groundwater COPC, and
concentrations of manganese in surface water are less than the U. S. EPA Region 9
Tap Water PRG.

Metals detected in the sediment samples include mercury, arsenic, barium, cadmium,
chromium, lead, manganese, nickel, and selenium. Arsenic, cadmium, lead, and
manganese are also groundwater COPCs. The only metal present in sediments whose
concentration in sediment exceeds the U.S. EPA Region 9 PRG for direct contact at
industrial sites is arsenic. Arsenic concentrations in the sediment are two orders of
magnitude greater than the calculated source concentration in groundwater. It is

unlikely that the arsenic present in the oxbow sediments originated from the site.

It is most likely that the metals detected in the sediments and surface water of the oxbow are

either naturally-occurring or originated from runoff from other non-site related sources.
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4.0 Human Health Risk Assessment

The purpose of this risk assessment is to provide a quantitative and qualitative analysis, in a
conservative and health-protective manner, of adverse human health effects that may be
associated with potential exposures to site-related COPCs. In providing health-related
information on potential human exposure to site-associated constituents, this risk assessment is

designed to provide a sound basis for risk management decisions.

The risk assessment was conducted using a tiered approach. The tiered process consisted of
initially conducting a risk-based screening evaluation of data using applicable or appropriate
standards or available risk-based cleanup goals. If the maximum detected concentration (MDC)
of an individual constituent did not exceed the corresponding screening level, additional
evaluation was considered unnecessary. However, if a generic screening level was exceeded by
the constituent MDC, then that constituent was included in additional risk-based evaluations.

The HHRA includes the following components:

Data Evaluation and Compilation
Exposure Assessment

Toxicity Assessment

Risk Characterization
Uncertainty Analysis

4.1 Data Evaluation and Compilation

Relevant soil, groundwater sediment, and surface water data collected from the site was
evaluated for use in the baseline risk assessment. This involved identification of all data
available from the site and affected off-site areas. Analytical results were compiled and
subjected to a statistical summarization and screened using various criteria, described in the

following subsections, to select COPCs for evaluation in the HHRA.

All data was qualified by the laboratories and also validated. Results with J-qualified data,
indicating estimated concentrations, were used in the screening and risk analysis. Data qualified

as Rejected (R), due to quality control limits, were not used in the evaluation.

411 Soil Data
Soil samples were collected from 19 locations (B-1 through B-19) during site characterization
activities in 1997, 1998, and 2000 (Figure 4). Samples from multiple depth intervals were
selected for analysis of VOCs, SVOCs, pestibides, polychlorinated biphenyls (PCBs), and toxic
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metals. The August of 2000 sample event was conducted only for borings B17 to B19 to re-
sample for SVOCs and PCBs. Laboratory data has been previously submitted to MDNR and
EPA. The laboratory reports for data used in the HHRA are provided in Appendix B.

Sample locations B1 through B13 were located south of the QAS site, in or near the adjacent
parking area currently owned by Deffenbaugh. Sample locations B14, B15 and B16 were
located on the northern parcel of the QAS site also owned by Deffenbaugh, along the drainage
ditch adjacent to Marsh Avenue. Sample locations B17, B18, and B19 were located within the

QAS site building, and are the only on-site soil sampling locations.

4.1.2 Groundwater Data
The current groundwater extraction system is capturing the greatest concentrations of on-site
groundwater contamination. Monitoring data indicates that the system is effectively preventing
migration of LNAPL and the most-impacted groundwater. Groundwater-related exposures were
assessed under two separate assumptions: 1) Current and future land use with the extraction
system on, and 2) future land use with the extraction system off. A summary of the groundwater
analytical data used in the current and future exposure scenarios with the extraction system
operating is provided in Appendix C. For the future extraction system off scenario, the 95%
upper confidence level groundwater concentration was calculated, and used as the representative
on-site groundwater concentrations (Appendix G and Table 4-12).

For the operational extraction system scenario, available groundwater data from post-June 2003
monitoring events (July 2003, September 2003, May 2004, September 2004, May 2005,
November 2005, and April 2006) were used to represent current and probable future conditions.
These data were selected because two additional pumping wells (PW-3 and PW-4) were installed
in June 2003. Sampling events between the installation of the additional pumping wells in June
2003 and December 2003 were limited in the number of monitoring wells and/or the parameter
list while the remediation system was stabilizing. Only data from monitoring wells were used;
data from the influent and effluent trench, and pumping/recovery wells were not used in the risk
assessment. Data from samples collected from monitoring wells identified as having product
(EPA-R1, GW-2R, GW-3, and GW-4), were also not included in the assessment of the
operational extraction system scenario, because these product-containing wells are within the
capture zone of the active groundwater extraction system.

Groundwater samples were collected from 19 monitoring wells, although not all wells were
sampled during every event. Groundwater samples were analyzed for VOCs using
EPA Method 8260, total toxic metals using Method 6010, and mercury using Method 7470.
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Additionally, groundwater samples from the September 2004 event were submitted to

Zymax Laboratory, and from the May 2005 event to Weck Laboratory for the low level analysis
(Method 8270c) of 1,4-dioxane. Since the results from these laboratories had lower detection
limits, the Zymax and Weck data were used in the overall data set. A full data set of toxic metals
was available from the December 2003 event and was included in the HHRA.

Monitoring wells GW-1, GW-2R and GW-4 are located within the QAS site boundary. GW-3
and EPA-R-1 are located west of the site: GW-3 is just outside the geosynthetic cap boundary,
along the Marsh Avenue right-of-way and EPA-R-1 is across Marsh Avenue, approximately 50
feet west of the site. GW-5 is located approximately 80 feet north of the site, and GW-7 and
EPA-R-3 are located approximately 30 feet and 375 feet, respectively, to the south of the site.
Wells 6A, 6B, and the nested wells GW-11 (A,C,B) are located on the adjacent property west of
Marsh Avenue. These wells are all located on industrial/commercial property owned by
Deffenbaugh. The remaining wells evaluated in the risk assessment, nested wells GW-8
(A,C,B), GW-9 (A,B), GW-10 (A,C,B), and GW-12 (A,C,B), are located west and downgradient
of the groundwater remediation system, with the GW-12 cluster being the furthest downgradient
wells (Figure 2).

413 Surface Water and Sediment Data
Ten sediment and ten surface water samples were collected at co-located sites within the oxbow
in September 2004. In addition, upstream and downstream surface water samples were collected
from the Blue River (Figure 5). Surface water samples were analyzed for VOCs utilizing EPA
Method 8260B, 1,4-dioxane using EPA Method 1625M, and total and dissolved toxic metals
using EPA Method 6010B. Sediment samples were analyzed for VOCs utilizing EPA Method
8260B, 1,4-dioxane using EPA Method 1625M, and total toxic metals using EPA Method
6010B. Laboratory data for the oxbow surface water and sediment sampling is provided in

Appendix D.

42 Exposure Assessment

Complete or potentially complete exposure pathways under both current and future land use
conditions are quantitatively evaluated in an HHRA. For an exposure pathway to be considered
complete, it must be possible for a constituent to be transported via an environmental medium to
a potential receptor location, and for receptors to be in contact with the constituent and assimilate

it into their bodies via ingestion, inhalation, or dermal contact.
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A complete exposure pathway consists of the following elements:

e A contaminant source and release medium;

s A retention or transport medium;

o An exposure point where human receptors are in contact with the contaminated
medium; and

¢ An exposure route at the exposure point.

If any of these elements do not exist and will not exist in the future, the exposure pathway is
considered incomplete and further evaluation is not required. In some instances, a complete or
potentially complete exposure pathway may be considered a minor or insignificant pathway,

meaning the pathway is not expected to contribute significantly to the overall exposure and risk.

4.2.1 Conceptual Site Model
The Conceptual Site Model (CSM) for this HHRA evaluated potential exposure pathways
associated with soil, groundwater and surface water media. The QAS site and surrounding
properties are currently used for industrial or commercial land uses or are vacant. For purposes
of the risk assessment, the site has been divided into the following exposure areas, which are

depicted on Figure 2:

1. On-Site consists of the on-site building and engineered cap area within the QAS

property boundary (consisting of borings B17-B19 and well GW-1);

2. Off-Site Area 1 includes the adjacent properties to the north, west, and south owned by
Deftenbaugh and the groundwater remediation area, represented by borings B1
through 16, and wells GW-5, GW-6 (A,B), GW-7, GW-11 (A,C,B), and EPA-R3; and

3. Off-Site Area 2 includes the remaining surrounding area and groundwater
downgradient of the remediation system; represented by wells GW-8 (A,C,B),
GW-9 (A,B), GW-10 (A,C,B), and GW-12 (A,C,B). There are no soil samples/results
associated with Off-Site Area 2, since impacted soils were only present within the on-

site area and immediately adjacent property.

The CSM presents exposure media, exposure points, receptor populations, and exposure routes
evaluated in the HHRA. The conceptual site model was developed based on the following site
conditions and assumptions:

o Primary source soils have been removed, and only secondary sources of groundwater
impact remain (i.e., LNAPL presence in wells GW-3, GW-4, EPA-R1, and
historically GW-2R);
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o The site is currently zoned for industrial land use, and future land use will remain
industrial or commercial;

o The groundwater extraction system is currently controlling groundwater on-site and
preventing further downgradient migration of impacted groundwater;

o While the extraction system is in operation, only groundwater downgradient from
the current extraction system zone of influence could potentially reach exposure
points off-site (i.e., Off-Site Area 2);

» The nearest surface water body is the oxbow of the Blue River;

o There is no direct evidence that impacted groundwater at the site is hydrologically
connected to the oxbow or the Blue River, based on comparison of chemical
constituents and concentrations in the groundwater and in the surface water bodies;

o Groundwater flow follows the topography in the area; thus without the pumping
system on, groundwater from on-site would flow west toward the low lying oxbow;
and

e There is currently no known point of direct exposure with impacted groundwater.

4.2.2 Exposure Pathway Analysis

The exposure pathway analysis is summarized in Table 4-1. The identification of potentially
exposed populations is based on the current and proposed future land use at the QAS site, which
is industrial with restricted site access. Current land use at the site is industrial; and
downgradient of the site, land use is roadway (I-435) and vacant land. Based on a water well
search, there are no groundwater wells for public supply, domestic or industrial use within a
one-mile radius of the site. Since the current channel and the oxbow are incised into the A zone,
there is a potential for deeper groundwater (e.g., the B zone) to flow beneath the existing river
channel. However, the groundwater does not appear to be a viable potable water source based on

secondary drinking water standards.
The identified populations with potential exposures to impacted media include the following:

e On-Site: current and future on-site indoor and outdoor commercial/industrial (C/I)
workers and construction workers;

o Off-Site Area 1: current and future off-site indoor and outdoor C/I workers and
construction workers;

o Off-Site Area 2: current or future off-site residents, indoor and outdoor C/I workers,
and off-site recreational users encountering direct contact with surface water at the
oxbow.
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Each element of the exposure pathway analysis is described in the subsequent sections. In
addition, a summary for the exposure scenarios and characteristics evaluated in the HHRA is
provided in the table below.

SUMMARY OF EXPOSURE SCENARIO CHARACTERISTICS AND PATHWAYS OF C ) CERN
5 £k QUALITY ANALYTICAL SERVICES SITE : cosie

Receptor

Exposure Area

Exposure Media

Exposure
Characteristics

Pathways of
Concern

4.2.2.1 Soil

Future
Construction

Construction Worker

Off-Site Area 1

Subsurface soil
(0-15 ft bgs)

-Exposed during
construction
activities only

-Short-term exposure

-B14, B1S5, and B16

-Ingestion (surface
and subsurface soil);
-Dermal absorption
(surface and
subsurface soil) and
-Inhalation (fugitive
dust, outdoor
vaporsy

Outdoor Worker

Off-Site Area 1

Shallow subsurface
soil (0-2 ft bgs)

-Substantial soil
exposures
-Higher soil
ingestion rate than
indoor worker
-Bl 10B16

-Ingestion (surface
and shallow
sob-surface soils);

-Dermal absorption
{surface and
shallow
sub-surface soils);

-Inhalation
(fugitive dust,
outdoor vapors)

CurrentlFuture Commerclal/ lnduslrlal
Land Use

Indoor Worker

Off-Site Area 1

Surface soil

(0-1 ft bgs);

Subsurface soil

(0-15 ft bgs)

~Minimal soil
exposures (no
direct comtact
with ontdoor
soils)

-Bl toB13

-Ingestion of indoor
dust from surface
soils

-Inhalation of
volatiles in
subsurface soil and
groundwater
migrating to indoor
air

Future Downgradient Areas

Off-site Resident

Off-Site Area 2

Off-Site Area 2
groundwater wells

-Potential, future
resident downgradient
from the sitg,

-Potentially complete
pathway if volatile
COPCsin site
groundwater migrate to
downgradient exposure

point,

-luhalation of volatiles
in groundwater
through the vapor
intrusion pathway

Off-site
Recreational User

Off-site - oxbow

Surface water

-Intermittent,
seasonal exposures
to surface water
during recreational
use

-Limited exposure
since oxbow is
very shallow and
vegetated

-Incidental
ingestion and
dermal contact to
COPCsin surface
water

Impacted soils, the original source media at the site, were excavated and removed from the site in
2000, an engineered cap was installed, and a fence restricts access to the site. As discussed in
Section 3.2, soil excavation samples were collected as part of the Closure Certification Process.
Results of the 2000 exaction samples were submitted and closure was granted from the MDNR.
The excavation samples were not included in this risk assessment due to the Closure
Certification, synthetic cap and Land Use Restriction applicable to the area. Therefore, direct
contact to on-site soils is not a complete pathway.

On-site subsurface soil samples were collected from borings B-17 through B-19, located beneath
the QAS site building. These borings are the only sample locations within the On-Site Area that
were included in the risk assessment. Since; these borings are located beneath the building slab;
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the current direct soil exposure pathway in this area is incomplete. In addition, only low levels
of constituents were detected and not above screening levels; therefore, no complete pathways,

current or future (assuming the building is raised), are present for on-site soils.

Soil exposure point concentrations for Off-Site Area 1 were represented by data from samples
collected from boring locations B1 through B16. Areas of residual concentrations in soils from
Off-Site Area 1 may become a direct contact exposure medium only if the soils are exposed.
Land use within Off-Site Area 1 is likely to remain industrial. Thus, current/future indoor and
outdoor C/I worker exposures to off-site soils were evaluated under a non-residential land use
scenario. Soil representing potential exposure medium for the indoor worker scenario is
assumed to be from the 0-1 foot bgs depth interval, and for the outdoor worker scenario is

assumed to be from the 0-2 foot bgs depth interval.

A construction worker scenario for Off-Site Area 1 assumed that impacted soils would be
exposed and contacted during construction or buried utility repair activities. Construction
workers might be involved in excavation activities, such as digging building foundations or
utility trench excavations and repair. Soil representing potential exposure medium under a future
construction worker scenario is assumed to be from the 0-15 foot bgs depth interval. The most
likely area potentially undergoing construction or utility repair activities is the
right-of-way/drainage ditch along Marsh Avenue. Thus, construction worker exposure to surface
and subsurface soil were evaluated using borings B14 to B16. These sample locations also
exhibited the highest detected concentrations and represent a conservative approach.

No soil data was collected from areas that represent Off-Site Area 2, since residual soil
concentrations have been delineated within On-Site and a few locations in Off-Site Area 1.

Therefore, potential soil exposures associated with Off-Site Area 2 are not a complete pathway.

4.22.2 Groundwater
There is currently no potable or non-potable use of impacted groundwater at the site, which
occurs at a depth of approximately 15 feet bgs. Since the depth to groundwater is approximately
15 feet, dermal contact with groundwater is not expected to occur under current or future land
use evaluated in the HHRA. The groundwater is not expected to be a source of drinking water,
and ingestion of groundwater is not expected to occur because municipal water and sewer
services are available throughout the area. Furthermore, results of the water well search indicate

there are no potable water wells within a one-mile radius of the site.

A separate on-site groundwater exposure area was not evaluated since no direct on-site

groundwater exposure pathways are complete. Rather, on-site monitoring wells were included in
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the exposure area for Off-Site Area 1. Potential groundwater pathways for Off-Site Area 1
(which includes the on-site monitoring wells) include potential inhalation exposures by indoor
commercial/industrial workers to volatilized COPCs from groundwater. Potential groundwater
pathways for Off-Site Area 2 (which includes the wells downgradient of the remediation system)
include potential inhalation exposures by indoor commercial/industrial workers and off-site,

downgradient residents to volatilized COPCs from groundwater.

4.2.2.3 Groundwater Without Extraction System Operation
LNAPL has been detected in wells GW-2R, GW-3, GW-4 and EPA-R1. There are no direct
exposures to LNAPL in groundwater, and these wells are within the zone of influence of the
groundwater extraction system. However, groundwater modeling was conducted to evaluate
potential downgradient groundwater conditions assuming the groundwater extraction system was
shut off.

The modeling was performed using a three-dimensional analytical transient groundwater
contaminant transport model (Domenico 1987). The use of the Domenico fate and transport
model was requested by EPA and MDNR. A detailed discussion and model outputs are provided
in Appendix G.

4.2.2.4 Ambient and Indoor Air
The potential exists for migration of volatile constituents from groundwater to soil gas, which
would then be available to migrate to ambient air and indoor air. Potential inhalation exposures
to volatized constituents in ambient air were evaluated using EPA risk assessment

methodologies.

Potential indoor air exposures exist for commercial/industrial indoor workers in existing or
potential future buildings on site or off site and residents in off-site homes. Potential indoor
exposures to volatilized constituents were evaluated by comparing maximum groundwater
concentrations to screening levels provided in the Draft Guidance for Evaluating the Vapor
Intrusion to Indoor Air Pathway from Groundwater and Soils (USEPA, 2002).

Both generic and site-specific screening levels were used for comparison. The site-specific
screening levels were based on adjustments for soil type and depth to groundwater. The
predominant depth to groundwater is 15 feet bgs and soil lithology is silty clays. Thus, in
accordance with the guidance, target groundwater concentrations were selected using a vapor
attenuation factor of 1.0 x 10™*. This attenuation factor is based on a groundwater depth of
15 feet and loam type soils.
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4.2.2.5 Surface Water and Sediment

The nearest surface water body is an oxbow of the Blue River, which is located approximately
700 feet west of the QAS site. The oxbow is approximately 100 feet wide (east to west).
Groundwater flows to the west, toward the oxbow and the Blue River. The main channel of the
Blue River is approximately 1,000 feet from the site. Groundwater from the QAS site may
potentially discharge to the oxbow; although a hydrogeologic connection between site
groundwater and the oxbow has not been verified. Access to the oxbow is not restricted, but
access would be limited due to the interstate and industrial-type businesses, such as the
automobile salvage yards located adjacent to the oxbow. Therefore, there is limited potential for
direct exposures to surface water and sediments of the oxbow by recreational users. If impacted
groundwater from the site were to discharge to the oxbow at detectable or elevated
concentrations, there would be a potential for recreational users to be exposed to COPCs in
surface water. Potential current exposures to constituents in surface water and sediment were
conservatively evaluated by comparing the surface water and sediment data to screening levels
(e.g., water quality criteria for human exposures). Under the groundwater remediation system
shutdown scenario, potential future exposures to constituents in groundwater migrating and
mixing with surface water were conservatively evaluated by calculating risk estimates for a

recreational user receptor (see Sections 4.2.4.1 and 4.2.4.2).

4.2.3 ldentification of Constituents of Potential Concern

The selection of COPCs is a screening process that involves: 1) review of the site
characterization information, 2) evaluation of the data for usability in risk assessment,

3) refinement of the preliminary conceptual site exposure model, 4) screening of data against
background and generic screening levels, and 5) identification of COPCs. The COPCs are those
chemicals that are present because of past releases or activities at the site and most likely to be of
concern to human health. Thus, the COPC screening process is designed to conservatively select
those constituents having the highest likelihood of contributing to adverse health effects. Those
chemicals which are present at concentrations greater than background or risk-based screening

levels were retained for quantitative assessment.

All useable data from soil, groundwater, sediment and surface water samples were summarized
by media. The COPC selection process for soil, groundwater, surface water and sediment is
summarized in Tables 4-2 through 4-5.

Sample results from metal analyses were compared to background soil and groundwater levels
from the Geochemical Survey of Missouri (Tidball, 1984) and Geochemical Survey of Waters of
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Missouri (Feder, 1979). Those analytes that were detected above background levels were carried

through the risk screening evaluation.

The tiered HHRA process consisted of initially conducting a risk-based screening evaluation of
data using available default target levels and risk-based target levels. PRGs for non-residential
land use and residential land use were used to screen all detected constituents in soil and
groundwater samples, respectively, from the QAS site (USEPA, 2004). PRGs utilize a target

cancer risk of 10" and a non-carcinogenic hazard index (HI) of 1.0.

If the MDC of an individual constituent did not exceed the lowest corresponding screening level
(e.g., non-residential land use for soils), no further quantitative evaluation of the constituent was
completed. Constituents with MDCs greater than PRGs were retained for additional screening
by using pathway-specific risk-based levels.

4.2.3.1 Soil COPC Screening
Metals detected in soil samples were first screened to published Missouri background levels
(Tidball, 1984). The mean concentrations of all detected metals were compared to mean
background levels. Background levels were available for all metals, except silver and thallium.
Site concentrations were found to be less than expected background levels for the region for the
screened metals, except cadmium, mercury and nickel. Therefore, cadmium, mercury, nickel,
silver, and thallium were retained for the further COPC screening as discussed below
(Table 4-2).

In addition to the five metals mentioned above, 12 detected organic compounds were compared
to the PRGs for non-residential land use. Soil PRGs are developed considering ingestion,

inhalation of particulates, inhalation of volatiles, and dermal exposure pathways.

For COPC selection, the maximum detected concentration of soil samples from 1997/98 and
2000 of VOCs, SVOCs, herbicides, pesticides and PCBs, and toxic metals (above background
levels) was used to compare to PRGs (Table 4-3). Of the 17 constituents detected in soil, only
the maximum concentrations of methylene chloride and 1,1,2,2-tetrachloroethane (1,1,2,2-TCA)
were greater than screening levels and thus identified as soil COPCs.

The concentrations of methylene chloride ranged from non-detect (< 0.05 mg/kg) to 111 mg/kg.
It was detected in 11 soil samples, all at concentrations greater than the PRG of 21 mg/kg. The
detected concentrations were found in samples from soil borings B-14, B-15, and B-16 at depths
ranging from 2 inches to 15 feet bgs. The concentrations of 1,1,2,2-TCA ranged from non-detect
(<0.0125 mg/kg) to 15.3 mg/kg, also found in samples from depths ranging from 2 inches to
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15 feet bgs. It was detected in only two of the 71 soil samples (B1 and B19). Only the
concentration in sample B1 (4 inches) was greater than the PRG of 0.93 mg/kg.

4.23.2 Groundwater COPC Screening
Metals detected in groundwater samples were first screened to published Missouri background
levels (Feder, 1979). The mean concentrations of detected metals were compared to mean
background levels. Background levels were only available for ten metals. Site concentrations
were found to be less than the expected background levels for the region for barium. The
remaining nine metals were retained for further COPC screening as discussed below (Table 4-
4a).

Impacted groundwater is not used as a domestic water source, nor is such use anticipated in the
future. However, the MDCs measured since July 2003 (post-extraction system installation) from
non-product wells were compared to PRGs for tap water (i.e., residential land use). The tap
water PRGs were calculated based on the ingestion of drinking water and inhalation of volatiles

from all household uses exposure pathways.

COPC screening results for constituents detected in groundwater are presented in Table 4-4b.
The MDCs of nine metals and 19 organics were compared to tap water PRGs. The following
10 constituents (six VOCs and four metals) were detected at concentrations greater than the tap

water PRGs and were selected as COPCs in groundwater:

s arsenic

» benzene

o cadmium

o cis-1,2,-dichloroethylene (cis-1,2-DCE)
» l,4-dioxane

o lead

+ Mmanganese

+ methyl tert-butyl ether (MTBE)

« trichloroethylene (TCE)

 vinyl chloride

4.2.3.3 Groundwater Transport Modeling COPCs
Groundwater transport modeling was conducted to evaluate potential impacts to off-site,

downgradient receptors (e.g., surface water receptors). The nearest downgradient receptor is the
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oxbow. All groundwater constituents that exceeded PRGs were selected as COPCs for the
groundwater modeling evaluation. The following six VOCs and four metals were selected as the
COPC:s for the evaluation of turning off the current remediation system:

« benzene

« cis-1,2-DCE
« 1,4-dioxane
« MTBE

« TCE

« vinyl chloride,
e arsenic

o cadmium

o lead

« manganese

Chlorinated ethenes (TCE, cis-1,2-DCE, and vinyl chloride) were modeled using the U.S. EPA’s
BIOCHLOR model (version 2.2). Benzene, 1,4-dioxane, MTBE , and the metals were modeled

using the standard Domenico fate and transport model.

4.2.3.4 LNAPL Screening
As discussed in earlier sections, LNAPL has been present in wells EPA-R-1, GW-2R, GW-3,
and GW-4. Samples of groundwater beneath the LNAPL layer were collected from these wells
via micro-purge sampling. Analytical results for VOCs (2004, 2005, and 2006) and metals
(2005, and 2006) are presented in Appendix C.

Samples collected from below the LNAPL layer can be assumed to represent dissolved phase
groundwater samples. When the results from the dissolved phase samples are compared with
maximum detected concentrations in groundwater samples from non-LNAPL monitoring wells,
many of the concentrations in the non-LNAPL well samples are greater. This indicates that
dissolved phase concentrations from the LNAPL-containing wells will likely result in similar
downgradient groundwater concentrations as currently detected. Thus, it is expected that the
constituents and concentrations migrating away from the site will be adequately represented by
the groundwater samples from the monitoring wells downgradient from the LNAPL wells. As
such, the risk assessment screening process adequately addresses the constituents of potential
concern at the site.
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4.2.3.5 Groundwater to Indoor Air COPC Screening
To evaluate potential future off-site residential exposures to volatilized constituents from
groundwater to indoor air (assuming impacted groundwater migrates to a potential off-site
receptor), the MDCs of the groundwater COPCs were compared to generic screening levels
provided in EPA’s Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway
from Groundwater and Soils, referred to as the Subsurface Vapor Intrusion Guidance (USEPA,
2002). This guidance presents a tiered approach to evaluating the potential impacts associated

with the vapor intrusion pathway.

The first step is a preliminary screening to determine whether the COPCs have characteristics to
be of concern under this pathway, i.e., to result in unacceptable indoor inhalation risks. Using
Table 1 of the Subsurface Vapor Intrusion Guidance, the COPCs in groundwater were screened
to determine if they exhibited sufficient volatility and toxicity to be of concern. Based on the
preliminary screening, benzene, cis-1,2-DCE, 1,4-dioxane, MTBE, TCE, and vinyl chloride

exhibit chemical characteristics to be of concern for this pathway.

Next, a Tier 2 screening was completed by comparing groundwater concentrations to established
groundwater goals, which are protective of the indoor air pathway. Two groundwater screening
levels were used: the Generic Screening Levels (GSL) for groundwater at a target risk level of
1x10°® (Table 2C of the Guidance) and a scenario-specific screening level based on site-specific
adjustments for soil type and depth to groundwater (Table 3C of the Guidance). The depth to
groundwater is 15 feet bgs. The soil lithology varies from silts to silty clay to clays. Thus, in
accordance with the guidance, target groundwater concentrations were selected using a vapor
attenuation factor (ot) of 1x10™* obtained from Figure 3b of USEPA (2002). This attenuation
factor was based on a groundwater depth of 15 feet and loam type soils. The results of the Tier 1

and 2 screening process of the vapor intrusion pathway are shown on Table 4-4c.

The MDCs for TCE and vinyl chloride exceeded the groundwater screening levels for the vapor
intrusion pathway. A vapor intrusion screening level was not available for 1,4-dioxane. Thus,
1,4-dioxane, TCE and vinyl chloride were further evaluated under a Tier 3 vapor intrusion

analysis.

4.2.3.6 Surface Water COPC Screening
Ten surface water samples were collected from the oxbow (Figure 5). No volatile organic
compounds were detected in surface water samples from the oxbow or the Blue River. The

occurrence, distribution and comparison of metals (totals) in surface water to available screening
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levels and background levels is provided in Table 4-5a. Barium, chromium, lead, manganese
and selenium were detected in surface water samples from the oxbow.

Background levels that were considered included the upgradient surface water sample from the
Blue River and Missouri groundwater background levels. Of the five metals detected in surface
water, the detected concentrations for chromium and selenium were less than or comparable to

the background levels.

The maximum barium concentration (0.2 mg/L) was above the upgradient level of 0.1 mg/L.

The remaining two metals, lead and manganese, were detected above available regional
background groundwater levels. Neither the oxbow, nor the Blue River, is designated for
groundwater use. The concentrations of barium, lead and manganese were compared to EPA’s
Ambient Water Quality Criteria (AWQC) for human health (EPA, 2006). Barium concentrations
were less than the available AWQC. There is not an AWQC established for lead. The MDC of

manganese in surface water was above the AWQC.

The oxbow is located in an industrial setting and there are multiple potential point and non-point
sources of runoff and pollution. MDNR reported that the Blue River is subject to severe point
and non-point source pollution (MDNR 1984). Four of the five maximum detected
concentrations were found in sample location OX-10. This location is located 1,200 feet
northwest of the site, but just down the hill from a junkyard. The oxbow lies along the base of
the hill where the junkyard is located. As such, it would be difficult to conclude that any of the
surface water detections were site-related. However, lead and manganese were retained as
COPCs in groundwater. COPCs identified under the Groundwater Modeling scenario above
were also evaluated for potential impacts to surface water in the evaluation of the post-extraction
system condition evaluation (Section 4.2.4.3). Therefore, the surface water COPCs of lead and

manganese were further evaluated under the groundwater modeling scenario. .
An ecological evaluation of the surface water and sediment data is provided in Section 5.0.

4.23.7 Sediment COPC Screening
Ten sediment samples were collected from the oxbow. No VOCs were detected in sediment
samples from the oxbow. The occurrence, distribution and comparison of metals (totals) in
sediment to available screening levels is provided in Table 4-5b. The sediment samples were
compared to soil background levels. All analytes were found to be less than background soil
levels, except lead, mercury, and nickel. These three analytes were then compared to soil PRGs

for residential land use, as the PRGs would be more conservative than a recreational exposure to
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sediments. All the analytes were detected below residential screening levels. Therefore, no

COPCs were identified in sediments.
An ecological evaluation of the surface water and sediment data is provided in Section 5.0.

4.2.3.8 Summary of COPC Screening
Methylene chloride and 1,1,2,2-TCA were retained as COPCs in soil, and 10 COPCs were
retained in groundwater: arsenic, benzene, cis-1,2-DCE, cadmium, 1,4-dioxane, lead,
manganese, MTBE, TCE, and vinyl chloride.

The groundwater COPCs were evaluated for the potential to contribute to indoor air risks. The

groundwater to indoor air COPCs include 1,4-dioxane, TCE, and vinyl chloride.

To evaluate potential downgradient migration of constituents in groundwater and associated
off-site exposures, the same groundwater COPCs were retained for the groundwater modeling

scenarios.

No VOCs were detected in surface water or sediment samples. The analytes detected in
sediment samples from the oxbow were found to be at below or comparable levels to background
levels or screening levels. Thus, no COPCs were selected for sediments. The COPCs of lead
and 1nanganeée in surface water were further evaluated under the groundwater modeling

scenario.

4.24 Quantification of Potential Exposures

Potential exposures to COPCs were further evaluated according to the exposure areas described
above and summarized in the CSM (Table 4-1). The 19 soil sampling locations (B1-B19) were
all located within Off-Site Area 1. The groundwater monitoring wells were grouped according

to two exposure areas: 1) the QAS site boundaries and adjacent Deffenbaugh-owned properties
were considered Off-Site Area 1, and 2) Off-Site Area 2 included the wells downgradient of the
western edge of the extraction system (i.e., nested wells GW-8, -9, 10, and 12).

4.24.1 Determination of Exposure Point Concentrations
A representative exposure point concentration (EPC) was calculated for each COPC for each
media in accordance with EPA guidance documents (USEPA 2002). USEPA guidance
recommends the use of the 95% upper confidence limit (UCL) on the arithmetic mean
concentration, unless the 95% UCL is greater than the maximum detected value. If the 95%
UCL is greater than the maximum detected concentration, the maximum detected value is the
recommended value for the EPC..
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To account for specific activities that may occur within Off-site Area 1 (e.g., commercial worker
vs. construction worker), this area was evaluated within sub-exposure areas. The data was
grouped into subsets to calculate exposure scenario-specific EPCs. This was done in order to
avoid potentially biasing the EPCs downward due to including more non-detect results. For
example, samples B17 to B19 were located within the on-site QAS building. All results were
non-detect and not included in EPC calculations. Soil samples representative of each potential

exposure receptor are described below.

Indoor Commercial Worker: Samples collected from 0 to 1 foot (EPA, 2001a) from locations
B1-B13 were used to estimate surface soil EPCs to evaluate incidental ingestion exposures to
indoor workers. For the subsurface volatilization to indoor air pathway, all data from samples B-
1 through B-13 collected within the top 15 feet were used to calculate an EPC. Of the two
COPCs in soil, only 1,1,2,2-TCA was detected in these exposure areas.

Outdoor Commercial Worker: To evaluate potential exposures to outdoor workers, shallow soil
EPCs were calculated using soil data from B1 to B16 from the 0 to 2 feet range (EPA, 2001a).
Both soil COPCs, methylene chloride and 1,1,2,2-TCA, were detected in this exposure area.

Construction Worker: Data used to estimate the subsurface soil EPC included samples collected
from the surface to the saturated zone in locations B14, B15 and B16. Since average depth to
groundwater is 15 feet bgs, data points between 0 and 15 feet were included with the subsurface
soil data. These sampling locations are along Marsh Avenue, in the area most likely to incur
construction-type activity. Of the two COPCs in soil, only methylene chloride was detected in

this exposure area.

For samples with non-detect results, one-half the detection limit was used in the data set. The
Shapiro-Wilk test of normality (Gilbert, 1987) (for samples sizes less than 50) or the Lilliefors
Test (for sample size greater than 50) was used for all COPCs to determine if the data fit a
normal or lognormal distribution. For data sets that were determined to be normally distributed,
the t-statistic equation was used to estimate the 95% UCL. For data sets that were determined to
be lognormally distributed, the H-statistic equation was used to estimate the 95% UCL. For data
sets that were determined to be neither normal nor lognormally distributed, non-parametric
techniques were used to estimate the 95% UCL. USEPA’s ProUCL Program was used to
calculate 95% UCLs. The ProUCL statistical summaries are included in Appendix E. The
surface, shallow and subsurface soil EPC results are provided in Table 4-6 for Off-Site Area 1.
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Current Conditions - Groundwater EPCs

Data from monitoring wells GW-1, GW-5, GW-6 (A,B), GW-7, GW-11 (A,C,B), and EPA-R3
were used to estimate EPCs for On-Site/Off-Site Area 1. See Table 4-7 for a summary of the
estimated EPCs for groundwater for Off-Site Area 1. Data from monitoring wells

GW-8 (A,C,B), GW-9 (A,B), GW-10 (A,C,B), and GW-12 (A,C,B) were used to estimate EPCs
for Off-Site Area 2. See Table 4-8 for a summary of the estimated EPCs for groundwater for
Off-Site Area 2. Of the 10 COPCs in groundwater, benzene and MTBE were not detected in
Off-site Area 2 groundwater wells. Therefore, EPCs were not calculated for these two

constituents.

Table 4-9 summarizes the modeled EPCs for volatilized COPCs from soil to ambient air. The
estimated ambient air concentration from soil takes into account volatilization of constituents
into air using a chemical-specific volatilization factor (VF) and concentrations from dust into air
using a particulate emission factor (PEF). Based on chemical characteristics, it is assumed that a
compound is available either volatilized into air (e.g., a volatile organic) or adheres as particulate
matter to airborne particles (e.g., semi-volatiles or metals); but not both. Standard EPA
methodology was used to calculate the ambient air concentrations and the model equations and
input parameters are provided in Table 4-9.

Post-extraction Conditions — Downgradient Groundwater EPCs

Groundwater modeling was used to predict potential migration of groundwater COPCs from the
site to the nearest potential exposure point (i.e., oxbow). The Domenico models were run with
degradation and an infinite source. Benzene, 1,4-dioxane, MTBE, and metals typically do not
easily degrade under the anaerobic conditions present at the site. Chlorinated ethenes (TCE, cis-
1,2-DCE, and vinyl chloride) were modeled using the EPA’s BIOCHLOR model (version 2.2).
Benzene, 1,4-dioxane, MTBE , and the metals were modeled using the standard Domenico fate
and transport model without degradation.

Model input values were selected based on 95% UCL chemical concentrations in groundwater
and site hydrogeologic conditions (e.g., aquifer thickness, groundwater gradients, effective
porosity, and hydraulic conductivity) for each of the three aquifer zones at the site. Model
parameters and chemical-specific parameters are summarized in Tables 4-10 and 4-11,
respectively. The distance from GW-4 (source area/Off-Site Area 1) to the oxbow is
approximately 700 feet. The distance from the western edge of Off-Site Area 2 to the oxbow is
approximately 400 feet. Modeling was conducted for both areas to capture a worst-case
scenario. A full description of the groundwater model is provided in Appendix G.
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The predicted groundwater EPCs for the chlorinated COPCs using BIOCHLOR are provided in
Table 4-12a. Zone-specific groundwater concentrations were estimated for 1,2-DCE, TCE, and
vinyl chloride. The A and C zones connect to the surface water channels (i.e., oxbow and Blue
River). All downgradient groundwater concentrations were estimated to be non-measurable for
all three zones and time periods.

The predicted groundwater EPCs for the non-chlorinated COPCs using Domenico are provided
in Table 4-12b. Results for each of the three aquifer zones within each Offsite Area were the
same, since the second term in the Domenico equation includes the first order degradation rate.
This term of the Domenico equation includes the retardation rate and groundwater velocity. The
value of the first order degradation rate for each of the compounds (1,4-dixoane, MTBE, metals,
and benzene under anaerobic conditions) is zero. If the degradation rate is zero, the entire
second term of the Domenico equation becomes zero, and therefore there is no difference in the
calculated concentrations for each zone since the groundwater velocity and retardation rate terms
effectively become zero. The maximum modeled groundwater concentrations at the oxbow were
used to evaluate human health exposure under the recreational user scenario and ecological risks

in the ecological risk assessment.

Post-extraction Conditions — Groundwater to Surface Water EPCs

Given the small size of the oxbow, particularly relative to the amount of groundwater flowing in
its vicinity, along with the fact that frequent flooding of the oxbow by normal storm events
changes the water in the oxbow, a dilution factor was calculated. The data used to support the

dilution factor is discussed below.

The amount of groundwater discharge to the entire oxbow was calculated using the following

equation:

QO=Kxixwxt
where:

Q = groundwater discharge (ft’/day)

K = hydraulic conductivity (ft/day)

i = hydraulic gradient adjacent to the oxbow (unitless)

w = width of oxbow (ft)

t = saturated thickness of impacted portion of the aquifer (ft)
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The hydraulic conductivity used was 0.004 feet per day, which is the hydraulic conductivity of
the A zone, into which the oxbow is incised. The hydraulic gradient was 0.045 feet per foot, as
measured in the A zone wells in April of 2007. The width of the oxbow was 2,180 feet and the
saturated thickness used was 40 feet. These values lead to a Q of 15.7 ft'/day.

The amount of groundwater discharge containing impacted groundwater was also calculated
using the above formula. The only difference between the two calculations was that the width
was changed to the width of the plume, which was calculated to be 230 feet. The Q of the
impacted groundwater was 1.7 ft*/day. The ratio of impacted groundwater to total groundwater

is 10.5 percent.

These calculations do not take into account that in times of high water the water in the oxbow
will be completely replaced with new water. The daily stream flow statistics for United States
Geological Survey gauging station 06893590, located immediately downstream from the oxbow,
were reviewed. The mean daily values for each day of the month for each month of the year for
a four-year period were reviewed. A minimum of 12 high water events were noted, with a high
water event being defined as an event where the flow rate has increased by a factor of about 100
when evaluating the month as a whole. All but two of the events occurred in the spring, summer,
and fall. Therefore, a conservative estimate is that the water in the oxbow is completely
overturned about 10 times per year. This leads to another factor of 0.027 (10 events per year
divided by 365 days/year) for groundwater dilution, resulting in an overall dilution factor of 11

percent.

4.2.4.2 Determination of Chemical Intakes
Exposure doses were estimated for chemicals exhibiting noncarcinogenic and carcinogenic
effects. Average daily doses (ADDs) for noncarcinogens were averaged over the duration of
exposure. Average daily doses for carcinogens were averaged over a lifetime, and are given the
acronym LADD for lifetime average daily doses.

The ADDs and LADDs are estimated using exposure point concentrations of chemicals together
with exposure parameters that specifically describe the exposure pathway. ADDs and LADDs
for each pathway were derived by combining the selected exposure point concentration of each
chemical with the exposure variables. When determining the ADDs and LADDs, chemical

concentrations were assumed to remain constant over the exposure period.

Exposure estimation calculations were based on standard USEPA formulas and variables
(USEPA, 1989, 1991, 2001, 2002). The specific exposure estimation assumptions are described
below for the identified pathways of concern for each exposure area. In accordance with
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standard risk assessment procedures, all exposures are expressed as average daily intake over the

period of exposure (mg chemical per kilogram body weight per day).

On-Site and Off-Site Area 1

These exposure areas include the QAS site and adjacent properties to the north, south, and west
owned by Deffenbaugh. Potential receptors include indoor and outdoor C/I workers and
construction workers. Consistent with the exposure areas of the CSM, soil data were grouped as
On-Site (locations B-17 to B-19) and Off-Site Area 1 (locations B-1 to B-16). No COPCs were
identified in soil samples from the on-site borings. Methylene chloride and 1,1,2,2-TCA were
identified as the COPCs in soil samples associated with Off-Site Area 1.

It was also noted that prior to capping the source area in On-Site Area 1, the impacted soils had
been excavated and removed from the site per the 1994 Administrative Order on Consent and
subsequent Corrective Action for the site. The excavated area was then backfilled and an
engineered cap installed over this area. It was assumed in this risk assessment, based on the
existing Land Use Restriction, that the capped area would not be disturbed and that there would
be very limited future exposure to subsurface soils lying beneath the capped area.

As noted above, potential receptors to the exposed surface soil include current/future indoor and
outdoor commercial/industrial workers. The outdoor worker is a long-term receptor exposed
during the work day and spends most of his/her time conducting maintenance activities outdoors.
The activities for this receptor (e.g., moderate digging, landscaping) typically involve exposures
to surface and shallow subsurface soils (depths of zero to two feet). The outdoor worker is
expected to have a higher soil ingestion rate than the indoor worker (100 mg/day vs. 50 mg/day),
and is assumed to be exposed to COPCs via the following pathways: incidental ingestion of soil,
dermal absorption of COPCs from soil, inhalation of fugitive dust, inhalation of volatiles
outdoors. The indoor worker spends most, if not all, of the workday indoors. Thus, an indoor
worker has no significant direct contact with outdoor soils. This worker may, however, be
exposed to COPCs through incidental ingestion of contaminated soils that have been
incorporated into indoor dust and the inhalation of contaminants present in indoor air as the
result of vapor intrusion. See Table 4-13 for the soil-related exposures and parameters

(e.g., ingestion, dermal, and inhalation of dust and ambient air) for commercial/industrial
workers.

Under the construction worker scenario, potential risks were evaluated for exposures to COPCs
in surface and subsurface soil via the incidental ingestion, dermal contact, and inhalation of
COPCs volatilized into ambient air pathways. See Table 4-14 for the soil-related exposures and
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workers.

To evaluate the groundwater to indoor air pathway for On-Site/Off-Site Area 1, the groundwater
to indoor air COPCs, 1,4-dioxane, TCE, and vinyl chloride, were further assessed. Potential
exposures to indoor air were estimated for the groundwater vapor intrusion pathways using the
Johnson and Ettinger (J&E) Model (USEPA, 2002). The J&E Model is a one-dimensional |
analytical solution to convective and diffusive vapor transport into indoor spaces, and provides
an estimated attenuation coefficient that relates the vapor concentration in the indoor space to the
vapor concentration at the source of contamination. The model is constructed as both a
steady-state solution to vapor transport (infinite or non-diminishing source) and as a quasi-
steady-state solution (finite or diminishing source). Inputs to the model include chemical
properties of the contaminant, saturated and unsaturated zone soil properties, and structural
properties of the building. Chemical and physical properties of the COPCs (i.e., TCE, vinyl
chloride and 1,4-dioxane) were obtained from Exhibit C-1 of the Supplemental Soil Screening
Level Guidance (EPA, 2001a) and the Hazardous Substance Data Bank online (HSDB, 2005).

Non-residential exposure parameters were used to match current and expected future land use for
Off-Site Area 1. The input parameters (e.g., interior building room volume, slab thickness, and

~ soil type) and results used in the J&E Model are provided in the Summary Sheets in

Appendix F. Hypothetical future building construction was assumed to be slab-on-grade due to
the existing slab-on-grade buildings in the area and the shallow depth to groundwater and

bedrock of the site area.

The floor-wall seam crack value used in the model is 0.1 ¢cm, which is the USEPA-recommended
J&E model default value. The air exchange rate used was 0.83 exchanges per hour, based on the
MDNR (2005) recommended default for a non-residential structure. Other standard
non-residential exposure parameters include an exposure duration of 25 years and an exposure
frequency of 225 days per year for the indoor worker.
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SUMMARY OF BUILDING-RELATED PARAMETERS FOR THE VAPOR INTRUSION MODEL

. Default C/
Input Parameter Units Value Scenario

Building Air Exchange Rate hr-1 0.25 0.83
Building Mixing Height — Slab-on-Grade Scenario m 2.44 v
Building Footprint Area — Slab-on-Grade Scenario m2 100 )
Subsurface Foundation Area — Slab-on-Grade m2 106 )
Scenario
Depth to Base of Foundation — Slab-on-Grade m 0.15 )
Scenario
Perimeter Crack Width mm 1 v
Building Crack Ratio —~ Slab-on-Grade Scenario dimensionless 3.77 x 10-4 v
Building Foundation Slab Thickness m 0.1 v

In those areas where LNAPL has been detected (wells GW-3, GW-4, and EPA-R-1), there is a
potential for volatile COPCs to migrate from groundwater to indoor air. This area consists of the
western boundary of the QAS site and extends across Marsh Avenue to EPA-R-1, just on the
other side of the street. Currently, there are no buildings above areas of detected LNAPL. The
nearest buildings to an LNAPL well are the QAS on-site building, located approximately 20 feet
from GW-3 to the southeast and the vacant Livers building, located approximately 100 feet from
EPA-R-1 to the northwest, across Marsh Avenue. Given the limited data regarding LNAPL
composition at the site, potential exposures to COPCs in LNAPL via this pathway were not
quantitatively assessed. The QAS on-site building is located upgradient from the LNAPL flow
direction, thus resulting in limited potential for the LNAPL to migrate beneath the building. The
vacant Livers building is located downgradient of plume flow but at 100 feet from the nearest
LNAPL well, thus limiting potential for indoor air impacts (USEPA, 2002). If new buildings are
constructed and occupied in areas above or near the LNAPL area (e.g., less than 100 feet), it is
possible that exposures via the groundwater to indoor air pathway may result in significant
inhalation exposures for receptors in these hypothetical buildings. However, the Land Use
Restriction recorded for the site prohibits construction of a building over the cap area.

Off-Site Area 2

There is no soil data for Off-Site Area 2. As previously referenced, there is no potable use of
impacted groundwater currently, nor is impacted groundwater expected to be a potable source in
the future. Potential receptors include off-site C/I and off-site residents.
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Potential exposures via the groundwater to indoor air pathway at downgradient, off-site locations
were evaluated using the COPCs selected in groundwater samples from monitoring wells in
Off-Site Area 2. These COPCs include cis-1,2-DCE, 1,4-dioxane, TCE, and vinyl chloride.
Benzene and MTBE were not detected in Off-Site Area 2 wells.

Residential exposure parameters were used in the model since residential land use currently
exists off-site. Standard residential default exposure parameters such as an exposure duration of
30 years and an exposure frequency of 350 days per year were used in the evaluation. The

J&E Model Summary Sheets for Off-Site Area 2 are provided in Appendix F.

SUMMARY OF BUILDING-RELATED PARAMETERS FOR THE VAPOR INTRUSION MODEL

. Default Residential
Input Parameter Units Value Scenario

Building Air Exchange Rate hr-1 0.25 v
Building Mixing Height — Basement Scenario m 3.66 v
Building Footprint Area — Basement Scenario m2 100 v
Subsurface Foundation Area — Basement m2 180 v
Scenario

Depth to Base of Foundation — Basement m 2 v
Scenario

Perimeter Crack Width mm 1 v
Building Crack Ratio — Basement Scenario dimensionless 2.2x10-4 v
Building Foundation Slab Thickness m 0.1 v

Oxbow - Post Extraction Scenario

Under this scenario, it was assumed that the currently operating groundwater extraction and
control system would be shut down. Potential migration and discharge of impacted groundwater
to surface water could create a possible surface water exposure point at the oxbow and possibly
at the Blue River main channel. Possible routes for human exposure to COPCs in surface water
are ingestion and dermal contact. The inhalation pathway is not expected to be significant due to
low levels of VOCs at the oxbow.

Estimated groundwater concentrations potentially reaching the oxbow were modeled using
BIOCHLOR and Domenico models. The modeled groundwater concentrations are provided in
Tables 4-12a and 4-12b.

The maximum modeled downgradient groundwater concentration (from Zone A) to the oxbow

for each COPC was used to estimate potential EPCs in surface water. To account for the mixing
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zone from groundwater discharging to surface water, a dilution factor as described in
Section 4.2.4.1 was applied to the modeled groundwater concentrations. The groundwater-to-

surface water EPCs are provided in Table 4-15a.

Identified receptor populations associated with potential exposures were recreational users
encountering direct contact with surface water at the oxbow or Blue River. Direct exposure to
surface water was assessed for future recreational users at the oxbow of the Blue River.
Incidental ingestion and dermal absorption exposures are estimated in this risk assessment.
Tables 4-15b and 4-15c¢ present the surface water equations and exposure assumptions for adult
and child recreational users, respectively. For the most part, default exposures for residential
swimming exposures provided in EPA’s RAGS Part E - Dermal Assessment Guidance were
used. This scenario assumes the total body surface area is exposed to the surface water. Since
the depth of water in the oxbow can be very shallow (e.g., less than 1 foot), this is a very
conservative assumption. There are no default values for exposure frequency (EF) for
recreational users, as this is dependent on site characteristics and regional climates. For this
assessment, an EF of 20 days per year was used, assuming recreational users visit the oxbow 1
day/week for 5 months/year. Tables 4-16a and 4-16b provide the equations and calculations for
the dermal absorbed event (DAevent) for exposures to COPCs in surface water. Models and
equations used to evaluate the recreational scenario are standard models from EPA (USEPA,
1989 and 2004).

43  Toxicity Assessment

This section presents the types and sources of toxicological information used for the risk
assessment. The toxicity assessment provides a description of the relationship between a dose of
a chemical and the anticipated incidence of an adverse health effect. Tables 4-17a, 4-17b and
4-18 summarize the non-carcinogenic and carcinogenic toxicity information used in this analysis.

The toxicity value hierarchy policy, per OSWER Directive 9285.7-53, dated December 5, 2003,
was followed. The hierarchy is as follows:

o EPA’s Integrated Risk Information System (IRIS): on-line database

e Tier 2 - EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs): The Office of
Research and Development/National Center for Environmental Assessment/Superfund
Health Risk Technical Support Center (STSC) develops PPRTVs on a chemical-specific
basis when requested by EPA’s Superfund program.

e Tier 3 - Other Peer-Reviewed Toxicity Values: Tier 3 includes additional EPA and non-
EPA sources of toxicity information. Priority should be given to those sources of
information that are the most current, the basis for which is transparent and publicly
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available, and which have been peer reviewed. These sources include Health Effects
Assessment Summary Table (HEAST), Agency for Toxic Substances and Disease
Registry (ATSDR) Minimum Risk Levels, and California EPA toxicity values.

431 Non-Carcinogens

Non-carcinogenic risks are evaluated using Reference Doses (RfDs) or Reference Concentrations
(RfCs). USEPA's approach to assessing the risks associated with non-carcinogenic toxicity is
based on the premise that there are thresholds for toxic effects. This means that theoretically a

safe level of exposure can be defined. The RfD represents this level.

e The RfD is expressed as a daily intake (mg/kg-day), and represents the safe intake over
an exposure period. Safety factors are added into the RfD derivations based on
interspecies extrapolations, exposure route extrapolations, and receptor sensitivity. These
safety factors are known as Uncertainty Factors (UFs) and Modifying Factors (MFs), and
are defined in USEPA’s reference dose background document (USEPA, 1993).

e The RfC is analogous to the oral RfD, and is likewise based on the assumption that
thresholds exist for certain toxic effects such as cellular necrosis. The inhalation RfC
considers toxic effects for both the respiratory system (portal-of-entry) and for effects
peripheral to the respiratory system (extrarespiratory effects). It is expressed in units of
milligrams/cubic meter (mg/m’). The RfC is an estimate of a continuous inhalation
exposure to the human population (including sensitive subgroups) that is likely to be
without an appreciable risk of deleterious effects during a lifetime. It can be derived
from a No Observed Adverse Effect Level (NOAEL), Lowest Observed Adverse Effect
Level (LOAEL), or benchmark concentration, with uncertainty factors generally applied
to reflect limitations of the data used.

The J&E Model utilizes the RfC to estimate potential non-cancer adverse effects. For COPCs
where toxicity values are provided as inhalation RfDs in mg/kg-day, the RfDs were converted to
R{Cs (mg/m®) by multiplying by 70 kg body weight and 1/20 m*/mg inhalation rate.

Additional route extrapolation is the use of oral toxicity values for evaluating dermal exposures.
For the most part, toxicity values listed in EPA databases are based on administered dose. Thus,
to characterized risk from the dermal exposure pathway, adjustment of the oral toxicity factor to
represent an absorbed dose is necessary. The adjustment accounts for the absorption efficiency
within the gastrointestinal tract. For example, when absorption of a given constituent is
essentially complete (i.e., 100%), the absorbed dose is equivalent to the administered dose, and
therefore no toxicity adjustment is necessary. When gastrointestinal absorption of a chemical is
poor (e.g., 1%), the absorbed dose is much smaller than the administered dose; thus, toxicity
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factors based on absorbed dose should be adjusted to account for the difference in the absorbed
dose relative to the administered dose.

The recommended GI absorption values (ABS;) for those COPCs with chemical-specific dermal
absorption factors are presented in Table 4-18. Since sound scientific data is not readily
available for making adjustments to other COPCs, the oral RfD was applied without an
adjustment factor to estimate the dermal toxicity value.

43.2 Carcinogens

USEPA’s assumptions in evaluating carcinogenicity are different from non-carcinogenic toxicity
in that carcinogenicity is considered "non-threshold," and there is theoretically no level of
exposure without some level of risk (USEPA, 1992b). Therefore, carcinogenic potential for
chemicals is expressed as a dose-response relationship between the exposure (in mg/kg-day) and
arisk level. The dose response value is referred to as the carcinogenic slope factor (SF), with
units of (mg/kg-day)™.

Because of the variability in the quality and reliability of the underlying databases used to assess
carcinogens, USEPA applies a weighting system as follows:

Group | Category

A Human carcinogen

B Probable human carcinogen

B1 Indicates limited human evidence

B2 Indicates sufficient evidence in animals and inadequate or no evidence in humans
C Possible human carcinogen

D Not classifiable as to human carcinogenicity

E Evidence of non-carcinogenicity for humans

It should be noted that the weight-of-evidence classifications do not directly impact the
quantitation of risk. Chemicals with higher classifications may have lower estimated
carcinogenicity (CSFs) than those with lower ratings. Rather, this system is a qualitative
indicator of the reliability of the underlying data on which the CSFs, if any, are based.
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Cancer risks from exposure to trichloroethylene were estimated using the original 1987
provisional cancer slope factor (0.011 per mg/kg-day) and the upper end of the range of draft
values (0.4 per mg/kg-day) provided in the August 2001 Trichloroethylene Health Risk
Assessment: Synthesis and Characterization, External Review Draft [2.0E-02 to 4.0E-01
(mg/kg-day)']. Also, the risk assessment used the Reference Concentration (RfC) provided in
the draft TCE health risk assessment for quantitative risk characterization (per comments from
EPA Region 7, dated February 27, 2006).

The J&E Model uses Inhalation Unit Risks (mg/m®)™", thus inhalation CSFs were multiplied by
20 mg/m’ inhalation rate and 1/70 kg body weight.

Similar to the route-to-route discussion above, the oral slope factor is applied without an

adjustment factor to estimate the dermal toxicity value when no data is available.

44 Risk Characterization

The risk characterization task combines the results of the exposure assessment and the toxicity
assessment to derive site-specific hazards or risks. These site-specific hazards or risks in most
cases are the quantified non-cancer hazards and theoretical excess lifetime cancer risks.
Non-cancer health effects for each chemical are referred to as a Hazard Quotient (HQ). HQs
greater than one indicate potential for adverse health effects. Unlike chemicals potentially
causing carcinogenic affects, noncarcinogenic compounds do not all produce the same type of
effect by the same mechanism of action. Therefore, the effects from simultaneous exposures to
all noncarcinogenic COPCs were computed by summing the HQs of chemicals affecting the
same target organ within each exposure pathway. This sum is known as the Hazard Index (HI),
and serves the same function for the mixture as the HQ does for the individual compound. In
general, HIs which are less than one are not likely to be associated with any health risk, and are,
therefore, less likely to be of regulatory concern than hazard indices greater than one.

For exposures to potential carcinogens, the individual upper-bound excess lifetime cancer risk
was calculated by multiplying the estimated LADD by the upper-bound cancer toxicity value
(e.g., cancer slope factor or unit risk for inhalation exposures). Upper-bound is a term used by
USEPA to describe cancer slope factors and unit risks, meaning that actual risks are unlikely to
be greater than the risks predicted using the upper-bound cancer slope factors. Using this
approach, a risk level of 1 x 10, for example, represents a one-in-one million increase in
lifetime probability of an individual contracting cancer as a result of exposure.
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It is important to note that, although the upper-bound cancer risk estimates provide plausible
estimates of the upper limits of risk, the actual risk could be considerably lower. Since all
carcinogenic chemicals produce the same effect, i.e., cancer, chemical-specific risks are assumed
to be additive. Therefore, in order to assess the upper-bound individual excess lifetime cancer
risks associated with simultaneous exposure to all carcinogenic COPCs, the risks derived from
the individual chemicals were summed within each exposure pathway. The upper-bound
lifetime excess cancer risks derived in this report were compared to USEPA's acceptable target
risk range for health protectiveness of 1 x 10 to 1 x 10™* (USEPA, 1990).

USEPA's Office of Solid Waste and Emergency Response (USEPA, 1991b) has issued a
directive clarifying the role of HHRA in the Superfund process. The directive states that, where
the cumulative carcinogenic site risk to an individual based on reasonable maximum exposure
for both current and future land use is less than 1 x 10, and the non-carcinogenic hazard index
is less than 1, action generally is not warranted unless there could be adverse environmental
effects.

44.1 Hypothetical Potable Use of Impacted Groundwater

Groundwater at the site contains concentrations of constituents that are greater than PRGs for
residential use. The groundwater constituents with concentrations greater than PRGs include
benzene, cis-1,2-DCE, 1,4-dioxane, MTBE, TCE, vinyl chloride, arsenic, cadmium, lead, and
manganese. Potable use of water with the observed concentrations could present a significant
human health risk. Site-specific upgradient or background levels of metals in groundwater were
not available to evaluate whether detected concentrations in groundwater are representative of
background levels. However, limited Missouri regional background groundwater levels were

available and used to evaluate background conditions.

Currently, groundwater is not being used for domestic or industrial purposes. Potential risks
associated with hypothetical future potable use of impacted groundwater were not quantified
since this is not currently a complete pathway, nor is it expected to be a complete pathway in the
future. The wells included in the Off-Site Area 2 exposure area are influenced by the extraction
system and are included in the on-going monitoring program. Potential residential exposures of
the COPC:s in groundwater via the indoor inhalation pathway were quantitatively evaluated and
discussed below.
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44.2 On-Site and Off-Site Area 1
As previously discussed, this exposure area includes the QAS site and adjacent properties to the
‘north, south and west owned by Deffenbaugh. Potential receptors include current or future

outdoor and indoor C/I workers and future construction workers.

4.4.2.1 Soil Exposures
No COPC:s in soil were identified for the On-Site Area.

Under the current/future non-residential land use scenario, indoor and outdoor commercial/
industrial workers potentially exposed to COPCs in surface and shallow subsurface soil
exposures (including airborne dust and vapors) were evaluated. Future construction workers
potentially exposed to COPCs in subsurface soils (including airborne dust and vapors) were also
assessed for Off-Site Area 1. These potential exposures were evaluated using the 95% UCL as
the EPC and standard default exposure parameters from EPA guidance.

The chemical-specific hazard quotients for both the indoor and outdoor workers were less than
one (see Tables 4-19a and 4-19b). For the indoor worker, the estimated excess lifetime cancer
risks were 1x107 for the soil ingestion route and 1x10™"° for the subsurface soil inhalation (indoor
air vapor intrusion) route (see Table 4-20a and Table 4-23). For the outdoor worker, the
estimated excess lifetime cancer risks were 7x107 for the soil ingestion route and 8x107 for the
soil inhalation (ambient air) route for an estimated excess lifetime risk of 8x107 (see Table 4-
20b). The soil dermal route was not evaluated since the soil COPC is a volatile organic and all
exposures were evaluated via the inhalation and ingestion routes. These estimated risks are less
than or within EPA’s target risk range of 10 to 10°.

Under the construction worker scenario, the chemical-specific hazard quotients associated with
subsurface soil through the incidental ingestion and inhalation exposure routes (see Table 4-21)
were less than one. The estimated excess lifetime cancer risks were 1x10? for the soil ingestion
route and 2x 107 for the soil inhalation route (see Table 4-22). These estimated risks are less
than or within EPA’s target risk range of 10 to 10°.

4.4.2.2 Groundwater Exposures
TCE, vinyl chloride, and 1,4-dioxane were retained as COPCs in groundwater, and
representative EPCs were used to further evaluate the groundwater to indoor air pathway for
Off-Site Area 1 (Table 4-7). Thus, estimated indoor air risks for indoor commercial workers
associated with exposures to TCE, vinyl chloride, and 1,4-dioxane in groundwater were

QAS HHRA/SLERA Page 43 August 15, 2007



s
calculated using the J&E Model and are summarized on Table 4-23. Summary spreadsheets
from the J&E Model are provided in Appendix F.

Estimated excess lifetime cancer risks for potential commercial exposures to 1,4-dioxane, TCE,
and vinyl chloride were found to be 3 x 10°, 2 x 10™® and 4 x 107, respectively. Estimated
excess lifetime cancer risk associated with TCE, based on the lower bound toxicity value was
2x107. These risk estimates are less than EPA’s target risk range of 10™ to 10°.

Non-cancer risks are also provided in Table 4-23. Estimated hazard indices associated with
potential commercial exposures to 1,4-dioxane, TCE and vinyl chloride volatilizing into indoor
air from groundwater were found to be 3.4x107, 1.3x107, and 1.4x10™, respectively, which are
all less than the level of concern of 1.0.

4.4.23 Off-Site Area 1 Risk Characterization Summary
The total excess lifetime cancer risk for commercial indoor worker exposures to COPCs in soil
and groundwater from Off-Site Area 1 is estimated to be 2x10”’, primarily due to inhalation
exposures of 1,1,2,2-TCA in soil. This risk estimate is less than EPA’s acceptable risk range of
1x10* to 1x10°°. The HIs across media (i.e., soil and groundwater) were summed resulting in a
hazard quotient of 0.0003. This HQ is less than the level of concern for non-cancer effects of
1.0.

The total excess lifetime cancer risk for commercial outdoor worker exposures to COPCs in soil
from Off-Site Area 1 is estimated to be 4x10~, primarily due to inhalation exposures of 1,1,2,2-

TCA and methylene chloride in soil. This risk estimate is within EPA’s acceptable risk range of
1x10* to 1x10. The H’s across exposure routes were summed resulting in a hazard quotient of

0.03. This HQ is less than the level of concern for non-cancer effects of 1.0.

The total excess lifetime cancer risk for future construction worker exposures to COPCs in soil
from Off-Site Area | is estimated to be 2x107°, primarily due to inhalation exposures of
methylene chloride in soil. This risk estimate is within EPA’s acceptable risk range of 1x10™ to
1x10°°. The HI’s across exposure routes were summed resulting in a hazard quotient of 0.087.
This HQ is less than the level of concern for non-cancer effects of 1.0.

Human health risks were not quantified for potential exposures to vapors released from LNAPL
on groundwater to indoor air. In those areas above where LNAPL has been detected, there
currently are no buildings and thus the current exposure pathway is incomplete. However, if
buildings are constructed and occupied in areas above LNAPL, it is possible that exposures via
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the groundwater to indoor air pathway may result in significant human health risks for receptors
in these hypothetical buildings.

443 Off-Site Area 2

Potential receptors include C/I workers and off-site residents. The only potentially complete
exposure pathway identified for this area was the future groundwater to indoor air pathway. For
this exposure pathway, 1,4-dioxane, TCE, and vinyl chloride were retained as COPC in
groundwater from Off-Site Area 2. Since the most conservative receptor is the off-site resident,
potential adverse health effects were only estimated for the off-site resident. Risk estimates for
the COPCs in groundwater were calculated using the J&E Model and are summarized on Table
4-23. Estimated excess lifetime cancer risks for potential off-site residential exposures to 1,4~
dioxane, TCE, and vinyl chloride in indoor air were found to be 6x10"°,9x 108 and 4 x 10°,
respectively. Estimated lifetime cancer risk associated with TCE, based on the lower bound
toxicity value was 3x10™. The total excess lifetime cancer risk for residential exposures to
COPCs in groundwater from Off-Site Area 2 was estimated to be 9x107, These risk estimates
are less than EPA’s target risk range of 10 to 10°.

Estimated hazard indices associated with potential residential exposures to 1,4-dioxane, TCE,
and vinyl chloride volatilizing into indoor air from groundwater were found to be 6.2x1078,
4.7x10”, and 9.4x10°®, respectively. HQs were summed resulting in a HI of 5.6x107, which is
less than the level of concern of 1.0.

444 Inactive Groundwater Remediation Controls Scenarios

Estimated non-carcinogenic hazards for future recreational users of the Oxbow under this
scenario are summarized in Tables 4-24 and 4-25. The exposure population for this pathway
was recreational users swimming in the oxbow of the Blue River. The estimated HIs for these
exposures for adults and children were both estimated to be 0.02. Since these estimated HIs are
less than one, adverse non-carcinogenic health effects for recreational users of the oxbow of the
Blue River are not anticipated under the future inactive groundwater remediation controls

scenario.

Excess lifetime cancer risks for future recreational users of the oxbow of the Blue River under
this scenario are summarized in Table 4-26. Recreational users of the oxbow of the Blue River
have estimated excess lifetime cancer risk of 2 x 10 associated with swimming exposures. This
estimated risk is within than EPA’s target risk range of 10™ to 10°%.
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4.5  Uncertainty Analysis

All risk assessments involve the use of assumptions, judgments, and incomplete data to varying
degrees that may contribute to the uncertainty associated with the final estimates of risk.
Uncertainties may result from both the use of assumptions or models in lieu of actual data and
from the error inherent in the estimation of exposure parameters. These uncertainties may result
in the potential over- or under-estimation of receptor-specific risks. Based on the uncertainties
described below, this HHRA should not be construed as presenting an absolute estimate of risk
associated with exposure to constituents detected in groundwater at the site.

Consideration of the uncertainty associated with the components of the risk assessment process
allows for a more meaningful interpretation of the results and a better understanding of the
potential adverse effects on human health. Generally, the primary sources of uncertainty are
associated with environmental sampling and analysis, selection of COPCs, exposure assessment,
and the toxicity assessment. The effects of some of these potential uncertainties on the HHRA

are discussed below.

4.5.1 Environmental Sampling and Analysis and Selection of COPCs

Error in chemical analyses may result from several sources including errors inherent in the
sampling and analytical procedures. Analytical accuracy or sampling errors can result in the
rejection of data, which decreases the available data for use in the HHRA, or in the qualification

of data which increases the uncertainty in the detected constituent concentrations.

Considerable uncertainty is associated with the soil data since the soil data was collected in 1997
and 1998, and environmental concentrations of volatile organics in particular have likely

degraded over time.

There is some uncertainty associated with the number and type of compounds selected for
analysis in order to characterize potential contamination in groundwater. For example,
constituents not analyzed for in the groundwater samples may be present. However, because the
analytical suite was broad at the QAS site, it is unlikely that omission of some constituents in a
minority of samples would change the risk estimates or conclusions significantly.

Selection of groundwater data used in the HHRA introduces some uncertainty in the HHRA.
Because of on-going operation of the remedial pumping system, constituent degradation,
migration, and transport throughout the environment, the MDCs of constituents in groundwater
may not reflect actual concentrations currently present on site. Actual concentrations may be
greater than estimated in this HHRA if a release is ongoing or if the remedial pumping system is
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not performing at expected levels. Actual concentrations may be lower than estimated in this
HHRA if constituents have degraded or migrated from the site over time. Therefore, the

direction of bias is unclear.

4.5.2 Exposure Assessment

Exposure assessment is a single step in the HHRA process that uses a wide array of information
sources and techniques. In the absence of reliable sources of data, assumptions and inferences
are often made, which lead to varying degrees of uncertainties that lead to conservative exposure
estimates. Sources of uncertainty in exposure assessment include the degrees of completeness
and confidence in: (1) constituent concentration estimation (related to field measurement and
modeling parameter estimation); (2) time of contact identification (for example, exposure
scenario characterization, target population identification, and population stability over time);
and (3) the methodology for constituent intake calculation. Variability or heterogeneity in
exposure routes and exposure dynamics, such as age, gender, behavior, genetic constitution, state
of health, and random movement of the potentially exposed populations, also introduce

uncertainty to the exposure estimates.

The groundwater is not expected to be a source of drinking water, and ingestion of groundwater
is not expected to occur because municipal water and sewer services are available throughout the
area. Furthermore, results of the water well search indicate there are no potable water wells
within a one-mile radius of the site. Although groundwater is currently not used as a drinking
water source and is not likely to be used as a drinking water source in the future, there is some
uncertainty associated with this evaluation, since at this time a deed restriction or ordinance is

not in place prohibiting the installation of potable wells.

Assuming that the concentration in the groundwater is the same as the exposure concentration is
a source of uncertainty in the exposure analysis. In this HHRA, constituent concentration
characterization was accomplished indirectly by measuring concentrations in the groundwater
rather than at the hypothetical point of contact. Environmental sampling performed to date was
designed to assess the most likely impacted portion of the site and, thus, is likely biased toward
high concentrations.

Under natural conditions, the groundwater flow direction generally follows the topographic
surface. As such, groundwater from the site flows from east to west toward the low lying area of
the oxbow. Similarly, it was assumed that groundwater from areas west of the Blue River flows
eastward toward the river.
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Because all constituent concentrations detected in groundwater were assumed to be constant over

the exposure period, the estimated exposure doses are more likely to be overestimated rather than
underestimated, especially for the risk-driving COPCs that degrade in the environment.

The use of MDCs for comparison to EPA Region 9 PRGs was conservatively applied to ensure
that those chemicals with greatest toxicity were selected for quantitative evaluation. EPCs are
better represented by a statistical estimate of central tendency. Thus, the conservative use of

95% UCLs as EPCs likely provided an overestimation of exposures and risks.

1,1,2,2-TCA was retained as a COPC in soil because one sample (15.3 mg/kg) out of 71 was
detected above the Region 9 PRG. One additional sample contained 0.0191 mg/kg, while all the
other samples were non-detect at a detection limit of 0.0125 mg/kg. The likelihood that this one
sample, collected over eight years ago, contributes to any adverse health risks is minimal.

J&E Model. There are many uncertainties associated with the use of the J&E indoor air model
used in the exposure assessment. For the indoor air model, risk and hazard estimates are heavily
influenced by a few key variables, including the indoor air exchange rate, the floor-wall seam
crack width, the enclosed space volume, and the soil gas concentration beneath the slab. A
default indoor air exchange rate of 0.83 exchanges per hour from ASTM (2002) was used for
current indoor worker exposures. However, it is possible that the actual building air exchange
rate for commercial/industrial worker is much higher than this, given the exhaust fans and other
HVAC system components that may be present in an industrial setting. The floor-wall crack
width variable assumes soil gas can enter indoor air at the point where the building floor slab
joins the outside walls. A default value of 0.1 cm was used. However, depending on the actual
construction of the building, if there are no gaps where the floor slab joins the outside walls and
there are no cracks in the floor slab itself, then no soil gas vapors would enter the building. The
model assumes the areal extent of contamination is greater than that of the building floor in
contact with the soil, and all vapors originating from below the building will enter the building.
Also, the indoor air model does not account for transformation processes (e.g., biodegradation,
hydrolysis, etc.), and this is very unlikely for the modeling time horizon of 25 to 30 years. These
are examples of the many key variables that heavily influence the indoor air model. While it is
difficult to predict, these factors may significantly overestimate indoor risks and hazards, or in
certain conditions result in an underestimation of risks.

Outdoor Air Modeling Results. There are many uncertainties associated with the use of the
outdoor air model used in the exposure assessment. For the outdoor air model, risk and hazard
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estimates are heavily influenced by a few key variables and assumptions, including the
assumption that VOC concentrations in soil do not change over time.

Groundwater Fate and Transport Modeling. There are many uncertainties associated with the
use of the Domenico fate and transport model used in the exposure assessment. For the
Domenico model, groundwater concentration estimates are heavily influenced by a few key
variables, including chemical-specific parameters, hydrogeological parameters and source size.
Chemical constituents used in the fate and transport modeling were the 95™ UCL concentrations
estimated in groundwater regardless of well location or date. Therefore, this data set does not
represent a specific spatial or temporal portrait of site conditions, and calibration of the model to
known conditions could not be performed. Several parameters were based on standard default
assumptions or literature including degradation half-lives and retardation factors, soil porosity,
soil bulk density, and the fraction of organic.

The source width was assumed to be the entire width of the capped and excavated source area.
This source has been beheaded and may not represent the size and volume of impacted aquifer
material contributing to the groundwater contamination. The hydraulic conductivity was
calculated based on a pump test, dated July 21, 2003. Gradients for the A and B zones were
calculated from November 2006 data collected while the system was shut-down for a period of
time. There is some uncertainty whether the system reached complete equilibrium before

measuring water levels in the wells.

While it is difficult to quantify the uncertainty, taken together, many of the key variables used for
the fate and transport modeling are expected to overestimate the results due to the use of

maximum concentrations and ‘worst-case’ scenario assumptions.

4.5.3 Toxicity Assessment

In most risk assessments, one of the largest sources of uncertainty is health criteria value. The
health criteria used to evaluate long-term exposures, such as reference doses or cancer slope
factors, are based on concepts and assumptions that bias an evaluation in the direction of
overestimation of health risk. As USEPA notes in its Guidelines for Carcinogenic Risk
Assessment (USEPA, 1986):

“There are major uncertainties in extrapolating both from animals to humans and from
high to low doses. There are important species differences in uptake, metabolism, and

organ distribution of carcinogens, as well as species and strain differences in target site
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susceptibility. Human populations are variable with respect to genetic constitution, diet,

occupational and home environment, activity patterns, and other cultural factors.”

Using 95% UCLs or maximum likelihood estimates for cancer slope factors for carcinogens and
safety factors for reference doses for non-carcinogens compensates for these uncertainties. The
assumptions provide a rough but plausible estimate of the worst-case scenario risk.
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5.0 Screening Level Ecological Risk Assessment

51 Introduction

The screening level ecological risk assessment (SLERA) is intended to determine if there are
actual or potential receptors on or near the QAS site or if ecological receptors are expected at or
near the site. In addition, the SLERA addresses whether there is potential for exposure to
COPCs by ecological receptors. This evaluation was conducted as a tiered process in accordance
with the steps outlined in the EPA’s Ecological Risk Assessment Guidance for Superfund
(ERAGS) and other applicable guidance documents for conducting ecological risk assessments
(EPA, 1997b and 1998b). Within the SLERA process, the ecological risk assessment has two
steps. Step 1 consists of the Preliminary Problem Formulation and Step 2 is the Screening Level
Exposure Assessment and Preliminary Risk Characterization. The SLERA process is described

in the subsequent sections.

9.2 Preliminary Problem Formulation
Problem formulation includes the development of an ecological site conceptual model, a
description of the environmental setting, the contaminant fate and transport and identification of

potential ecological receptors.

5.21  Environmental Setting

The QAS site is an industrial property located within an industrial and commercial area of

Blue Summit, Missouri. Due to land use and urbanization of the area, there is limited
environment for natural areas and wildlife on and near the site. The site and surrounding area
consists primarily of buildings, paved parking areas, driveways and roadways, with limited urban
grass areas. As such, no significant natural ecosystem or sensitive environments are present on

or near the site.

The nearest surface water body is the oxbow, located 700 feet downgradient of the site. The
Blue River is located approximately 1900 feet from the site. The oxbow was created as a result
of the U.S. Army Corps of Engineers flood control project that re-routed the flow of the Blue
River and was cut into the A zone aquifer. The oxbow is the former river channel, although it
has been highly modified and now serves primarily as a detention and flood control area for
overflow from the current Blue River channel and for surface runoff. The oxbow was
constructed with stone riprap lining the banks, and concrete barriers in the channel to slow any
potential flow of water within the abandoned channel. Thus, the oxbow is not a ‘natural’ habitat
area.
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As part of the SLERA, ecological risk evaluation checklists (Checklist’s A and B) from
MDNR’s Risk-Based Corrective Action Technical Guidance (MDNR, 2005) were also
completed. Checklist A consists of seven questions to evaluate whether any ecological receptors
or habitats are present at or near the site. A positive answer to any of the questions in Checklist
A requires completion of Checklist B; which determines if any pathways are complete for any of
the receptor(s) identified in Checklist A.

The oxbow of the Blue River was identified as a potential surface water receptor in Checklist A;
therefore, Checklist B was also completed. Checklist B consists of seven questions to evaluate
the completion of potential migration or exposure pathways. The ecological conceptual site
model (ECSM) discussed below was utilized to complete Checklist B. The completed Checklists
are provided in Appendix H.

A request was submitted to the Missouri Department of Conservation (MDOC) for information
regarding endangered or threatened species and communities/habitats of conservation concern on
or near the site. The MDOC responded with a Heritage Review Report (MDOC, 2005) that
concluded there were no species or habitats of concern at the site. Correspondence from the
MDOC is provided in Appendix I.

5.2.2 Constituents of Potential Ecological Concern

Surface water and sediment samples were collected from the oxbow. Based on constituents
detected on-site in the past, the surface water and sediment samples were analyzed for VOCs and
metals. No VOCs were detected in any of the samples. The results of these samples were

evaluated to assess the current potential impacts to the oxbow and are discussed in Section 5.3.1.

To address future potential impacts to off-site, downgradient receptors of the oxbow,
groundwater transport modeling was conducted. All groundwater constituents that exceeded
PRGs were selected as COPCs for the groundwater modeling evaluation. The following six
VOCs and four metals were selected as the COPCs for the evaluation of shutting down the
groundwater remediation system:

- TCE

— benzene

— vinyl chloride
- 1,4-dioxane

— c¢is-1,2-DCE
- MTBE
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— arsenic
- cadmium

- manganese
- lead

The results from the modeling of the above constituents were reviewed to determine which
groundwater COPCs may be constituents of potential ecological concern (COPECs). This
evaluation is also discussed in Section 5.3.1.

5.23 Ecological Site Conceptual Model

As discussed previously, impacted soils from past activities at the site were excavated in 2000
during removal activities. As on-site land use is commercial/industrial, with all areas either
maintained grass, pavement, or buildings, no suitable wildlife habitat exists; therefore no on-site
exposure of wildlife receptors to chemicals in soil is expected to occur. The secondary source of
COPC:s are releases to groundwater. Since the depth to groundwater is approximately 15 feet
bgs and has not been documented to be discharging to the ground surface, no exposure of

wildlife receptors to chemicals in groundwater is expected to occur.

Groundwater flows from the site to the west in the direction of the nearest surface water, which
is an oxbow of the Blue River approximately 700 feet to the west of the site. The Blue River
main channel is approximately 1900 feet west of the site. Stream use classification of the

Blue River near the vicinity of the site is industrial. Based on the regional flow direction and the
location of these surface waters, there is a potential for shallow groundwater (i.e., A zone) to
migrate from beneath the site and discharge to the oxbow. However, this potential migration

pathway has not been confirmed.

For purposes of this ecological risk assessment, the following conceptual model assumptions
were made:
e The groundwater extraction system at the site boundary is controlling groundwater on site

and preventing further off-site migration.

e Only groundwater downgradient from the extraction system could potentially discharge
to downgradient surface waters.

» The nearest potential point of exposure would be the oxbow portion of the Blue River,
which is approximately 700 feet downgradient from the site.
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Water levels in the oxbow vary greatly, from a few inches to a few feet or more, depending upon
seasonal water fluctuations. Although originally constructed with stone riprap and concrete
barriers, sedimentation from surface runoff has occurred, allowing the establishment of
vegetation to the point that, natural succession appears to be progressing within the oxbow:
filling in with cattails, increasing sedimentation, and soil development. There is a potential for
aquatic life, such as plankton, macroinvertebrates, fish, and aquatic macrophytes, to be exposed
to site-related constituents in shallow groundwater if groundwater from the site discharges to the
oxbow. Terrestrial animals drinking from or foraging in the oxbow areas could also be exposed;
however, wildlife is not restricted from roaming and potential exposures are not limited to the
oxbow area downgradient of the site. Table 5-1 summarizes the Ecological Exposure Pathways.

5.24 Assessment and Measurement Endpoints

Assessment endpoints are any adverse effects on ecological receptors. For example, adverse
effects on populations can be inferred from measures related to impaired reproduction, growth,
and survival. Adverse effects on communities or habitats are more difficult to measure. The
majority of the available screening ecotoxicity values are based on generic assessment endpoints
that are widely applied. Assessment endpoints for the site are aquatic (water-column and
benthic) invertebrate growth, reproduction and survival.

Measurement endpoints consist of ecological screening levels or ecotoxicity thresholds and

include:

e Comparison of surface water sample concentrations to criteria or benchmarks for aquatic
life and benthic invertebrates; and

e Comparison of sediment concentrations to sediment quality guidelines (SQGs).

5.2.5 Ecological Effects Evaluation
The preliminary ecological effects evaluation consists of the selection of ecological screening
levels and establishment of contaminant exposure levels that represent conservative thresholds

for adverse ecological effects, called screening ecotoxicity values (ETVs).

Sources for surface water criteria included EPA’s National Ambient Water Quality Criteria
(AWQC) (EPA, 2006), Missouri’s Water Quality Criteria (WQC) (10 CSR 20-7.031) and

relevant peer-reviewed literature. Most WQC are based on dissolved concentrations.

Generic sediment screening levels represent consensus-based sediment quality guidelines
(SQGs) obtained from MacDonald et al (MacDonald, 2000). The threshold effect concentrations
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(TEC) are concentrations of sediment contaminants below which adverse effects on sediment-
dwelling organisms are not expected to occur. The probable effects concentration (PEC) is that
concentration above which adverse effects are likely to be observed.

5.26 Results of Ecological Screening Level Comparison

Ten sediment and ten surface water samples were collected at co-located sites within the oxbow
(see Figure 5). In addition, upstream and downstream surface water samples were collected
from the Blue River. Sediment and surface water samples were analyzed for VOCs, metals and
1,4-dioxane using low detection limits. 1,4-dioxane was not detected above laboratory
quantitation limits in any of the samples collected during this field activity. Laboratory
quantitation limits for 1,4-dioxane were 1.0 ug/L for aqueous samples and 0.01 mg/kg for
sediment samples. No organic compounds were detected above laboratory quantitation limits in
either surface water or sediment samples. Laboratory reports are provided in Appendix D.

These results were used to evaluate current and on-going remediation system conditions.

To evaluate future conditions assuming the groundwater remediation system is shut-down, the
modeled groundwater concentrations (Appendix G) were used to compare to ecological

screening levels.

Analytes found to have concentrations greater than the screening ETVs (e.g., WQOs) were
considered to be of potential ecological concern and selected for additional evaluation. If the

analyte concentrations were less than the ETVs, they were excluded from further analysis.

5.2.6.1 Surface Water Screening
Surface water results for total and dissolved metals are provided in Table 5-2a. In the Blue
River samples, total barium was 120 pg/L in the upstream sample and 130 pg/L in the
downstream sample. Dissolved barium was 100 pg/L in the upstream sample and 110 pg/L in
the downstream sample. Total manganese in the river samples was 130 pg/L in the upstream
sample and 310 pg/L in the downstream sample. No other metals were detected above
laboratory quantitation limits in the Blue River samples.

Of the 10 metals analyzed for, arsenic, cadmium, mercury, nickel, and silver were not detected in
the oxbow or Blue River surface water samples (Table 5-2b). Detected concentrations of
barium, chromium, lead, manganese, and selenium were compared to background levels.
Background levels included the upgradient surface water sample from the Blue River. Those
analytes detected greater than background levels were compared to generic AWQC.
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The low concentrations of total barium (110 to 230 pg/L), dissolved barium (94 to 110 pg/L),
total chromium (less than 10 to 12 pug/L), total selenium (less than 10 to 17 pg/L), and dissolved
selenium (less than 10 to 16 pg/L) were found to be comparable to the upgradient Blue River
samples. That is, the average concentrations (calculated using the detection limit for non-detect

results) were similar to the background levels.

Total lead (less than 5 to 39 pg/L), total manganese (340 to 1,800 ug/L), and dissolved
manganese (less than 10 to 280 pg/L) were detected in the surface water samples from the
oxbow at concentrations greater than the upgradient Blue River samples. The MDC of total lead
exceeds the chronic AWQC for lead of 2.5 pg/L and the Missouri WQC of 3 pg/L.

There is no established AWQC for manganese. The Missouri WQC of 50 pg/L is the
groundwater contaminant criteria; therefore it is not an ecological screening level. A marine life
AWQC for manganese was provided in EPA’s Quality Criteria for Water, referred to as the Gold
Book. However, the Gold Book states that, “Manganese is not considered to be a problem in

fresh water.”

5.2.6.2 Sediment Screening
A comparison of metals detected in sediment samples to screening levels is provided in
Table 5-3. Silver was non-detect at a detection limit of' 0.25 mg/kg. Low concentrations of
arsenic (3.1 to 5.5 mg/kg), barium (99 to 130 mg/kg), cadmium (less than 0.25 to 0.44 mg/kg),
chromium (10 to 15 mg/kg), lead (17 to 51 mg/kg), manganese (200 to 340 mg/kg), mercury
(0.023 to 0.11 mg/kg), nickel (18 to 27 mg/kg), and selenium (5.1 to 7.4 mg/kg) were detected in
sediment samples. For comparison purposes, the applicable Missouri soil background levels are
also provided in the table.

The MDC of constituents in sediments were below the TEC SQGs, except lead, nickel, and
selenium. However for lead and nickel, the mean concentrations were less than the TEC and the
MDCs were less than the PECs. Although selenium concentrations were found to be greater than
the generic SQGs, selenium was not detected at concentrations significantly above upgradient in
the surface water samples and is not a COPC at the site.

5.26.3 Groundwater to Oxbow Modeling Screening
As described in Section 4.2.4.1, estimated COPC groundwater concentrations potentially
reaching the oxbow were modeled using Biochlor and Domenico models. To account for the
discharge and dilution of groundwater into the oxbow, a dilution factor of 0.11 was applied. The
comparison of potential future surface water concentrations to the generic WQC are provided in
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Table 5-4. In addition to the WQC described above, additional sources reviewed for WQC
included National Oceanographic and Atmospheric Administration’s (NOAA) Screening Quick
Reference Tables, or SQuiRTs, that present screening concentrations for inorganic and organic
contaminants in various environmental media (Buchman, 1999) and EPA’s Ecotox Thresholds
(ETs) (EPA, 1996).

Water quality criteria are not available for the VOCs, cis-1,2-DCE, 1,4-dioxane, MTBE, and
vinyl chloride; however the modeled concentrations for cis-1,2-DCE and vinyl chloride are non-
measurable. Of the remaining six COPCs all estimated surface water concentrations were less

than screening WQC, except lead and manganese.

5.2.6.4 Surface Water and Sediment Sample Screening Summary
While lead and manganese were detected at levels above the WQC (or other generic screening
levels) in surface water samples collected from the oxbow, these inorganics may be background
related and associated with either inflow entering the oxbow or from naturally occurring
inorganics present in surrounding soils or sediments. Also, lead and manganese are expected to
be somewhat immobile, as these constituents’ Ky values (50.1 and 890 liters/kilogram,
respectively) are elevated. Additional investigation of seasonal trends of lead and manganese in
surface water of the oxbow would be needed to verify the likelihood of upstream background

impacts.

All detected analytes in sediment samples were found to be less than generic SQGs, except for
selenium. However, selenium was not detected at concentrations significantly above upgradient

in the surface water samples and is not a COPC at the site.

For the future groundwater remediation system shut-down scenario, all modeled surface water
concentrations were estimated to be below available WQC, except lead and manganese. As
stated above, these inorganics may be associated with surrounding land uses of the oxbow, rather
than site-related.

5.3  Uncertainty Analysis

The SLERA presents a conservative estimate of potential risks and therefore, is intended to
overestimate potential ecological risks that may be associated with the site. A few key
uncertainties associated with this SLERA are discussed below.

The habitat descriptions included in this assessment are qualitative and based on limited
information and visual observations during sampling activities.
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This SLERA relies primarily on comparison of maximum detected concentrations in various
media with ecological benchmarks. While this approach is customary for a SLERA, it is very
conservative since the maximum detected concentration is typically not representative of the

exposure medium.

The detection limits for lead in surface water was 0.005 mg/L; which is above the AWQC of
0.0025 mg/L. All evaluations were made using the maximum detected concentration or
assuming the non-detects were present at the detection limit. Thus, this resulted in an

overestimation of potential risks.

Lead and manganese in surface water were detected at levels above upgradient levels.
Additional information would be required to further evaluate:

a) whether these analytes are associated with naturally occurring levels;
b) are related to off-site source areas; or

¢) related to groundwater levels.

The SLERA was consistently conservative in selecting literature values, however, there are
numerous uncertainties associated with the derivations of the benchmark values. The primary
objective for the use of benchmarks is to overestimate rather than underestimate risk, so
screening values are always designed to be conservative and health protective. Benchmarks are
not available for all constituents. For example, water quality criteria are not available for the
VOCs, cis-1,2-DCE, 1,4-dioxane, MTBE, and vinyl chloride. However, these constituents are
not likely to pose a significant threat to ecological receptors at the low concentrations estimated

at the oxbow.

5.4  Scientific Management Decision Point

The Scientific-Management Decision Point (SMDP) is made at the end of the screening-level
assessment; typically after the risk characterization. However, for this SLERA arisk
characterization step was not necessary. Based on the conservative assessment conducted using
available information, the decision at this point is:

— Although ecological risks are non-existent at the site and may be very low off-site at the
oxbow, additional information would be required to evaluate whether analyte

concentrations in surface water are site-related. .

QAS HHRA/SLERA Page 58 August 15, 2007



6.0 Summary and Conclusions

This HHRA/SLERA was prepared in accordance with applicable EPA risk assessment guidance
documents and references.

The risk assessment was conducted using a tiered approach. The tiered process consisted of
initially conducting a risk-based screening evaluation of data using applicable or appropriate
standards or available risk-based cleanup goals. The MDCs of all detected constituents were
used in the risk-based screening evaluations and EPCs based on 95% UCLs were used to
calculate risk estimates. Data from soil, groundwater, surface water and sediment were
evaluated. Screening levels for soil and groundwater were obtained from USEPA Region 9
PRGs. Surface water and sediment screening levels were obtained from USEPA and NOAA.

Groundwater beneath the site contains concentrations of constituents that are greater than Region
9 PRGs for domestic use of groundwater, suggesting that potable use of groundwater from the
site may pose unacceptable health risks. Currently, groundwater is not being used for domestic
or industrial purposes; nor is it likely to be used as a potable source in the future. On-site and
off-site groundwater is being remediated by the extraction system and subject to the on-going

monitoring program.

The residential groundwater screening values (i.e., the PRGs for tap water) are based on
ingestion of and inhalation of volatile constituents during the potable use of water. However,
impacted groundwater is not used as a domestic water source, nor is its use anticipated in the
future. Thus, the use of the PRGs as screening levels for groundwater provides an overly
conservative screening of the groundwater pathway, and at the same time, demonstrates that
existing site concentrations may result in unacceptable health risks if site groundwater was used
as a potable source.

Based on the available data and current site conditions, the findings of this assessment are
provided below:

¢ Future construction workers were evaluated for exposures to subsurface soil during
construction activities. Exposure routes included ingestion, dermal, and inhalation (vapor
emissions and particulates) to COPCs in soil, and dermal contact and inhalation of
COPCs volatilizing ambient air. Risk estimates were calculated for construction worker
exposures to COPCs in subsurface soil from Off-Site Area 1 and summarized in

Table 4-27. The estimated non-carcinogenic hazard index was less than 1.0. The total
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cancer risk associated with these exposures was estimated to be 2x107, which is within
EPA’s target risk range of 1x10™*to 1x10°. Therefore, no adverse health risks are

expected for potential construction worker soil exposures.

e Potential adverse health risks were evaluated for current/future off-site
commercial/industrial indoor worker scenario in Off-Site Area 1. Risk estimates were
calculated for commercial indoor worker exposures to COPCs in surface soil and
volatilized COPCs from subsurface soil and groundwater to indoor air. Risk estimates
are summarized in Table 4-28. The estimated non-carcinogenic hazards were all less
than 1.0. For the indoor worker, the estimated excess lifetime cancer risks were 1x107
for the soil ingestion route, 1x10™' for the subsurface soil inhalation (indoor air vapor
intrusion) route, and 6x10° for the groundwater inhalation (indoor air vapor intrusion)
route. Thus, the total estimated excess lifetime risk for the indoor worker scenario was
calculated to be 2x107, which is less than EPA’s target risk range of 1x10™to 1x10°®,

e Risk estimates were calculated for outdoor worker exposures to COPCs in shallow
subsurface soils from Off-Site Area 1, as well. Risk estimates are summarized in Table
4-28. The estimated non-carcinogenic hazards were below the level of concern of 1 and,
therefore, do not indicate any potential for adverse health effects for off-site
commercial/industrial outdoor workers. The total cancer risk associated with potential
outdoor worker exposures was estimated to be 4x10°, which is within EPA’s target risk

range of 1x10™to 1x107.

o In those areas above where LNAPL has been detected, there currently are no buildings
downgradient or less than 100 feet from the source area; and thus the current exposure
pathway is incomplete. If buildings are constructed and occupied in areas above LNAPL,
it is possible that exposures via the groundwater to indoor air pathway may result in
significant human health risks for receptors in these hypothetical buildings. However, the
possibility of a future building being constructed over the LNAPL area is limited due to
the in place Land Use Restriction.

e Potential inhalation exposures from COPCs in off-site groundwater (from Off-Site
Area 2) volatilizing to indoor air for off-site residents were evaluated. The estimated

non-carcinogenic hazards and cancer risks associated with these exposures were less than
EPA’s acceptable risk range (10™ to 10°®) for the protection of human health for off-site
residents.
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o Surface water and sediment samples were collected from the oxbow and analyzed for
VOCs, 1,4-dioxane, and metals. No COPCs were selected from the sediment samples.
Lead and manganese were retained as COPCs in surface water. The potential risks
associated with these COPCs were evaluated under off-site recreational user scenario

using the modeled groundwater results (see below).

¢ Groundwater fate and transport modeling was conducted to evaluate groundwater
conditions and subsequent exposures under a post-remediation shut-down scenario. This
groundwater evaluation consisted of using the Domenico and BIOCHLOR Models to
estimate downgradient concentrations at potential exposure points (i.e., the oxbow). The
modeled groundwater concentrations were used to evaluate a potential future recreational

user exposurc scenario.

o A recreational user scenario of the oxbow assuming potential exposures to
COPCs in groundwater migrating to surface water was evaluated. These
estimates are summarized in Tables 4-24, 4-25, and 4-26. The estimated non-
carcinogenic hazards and cancer risks associated with these exposures were less
than or within EPA’s default risk levels.

e The QAS site is an industrial property located within an industrial and commercial area
of Blue Summit, Missouri. Due to land use and urbanization of the area, there is limited

enviromment for natural areas and wildlife on and near the site.

o While lead and manganese, were detected at levels above the WQC in surface
water samples collected from the oxbow. The WQC for manganese is not
ecologically based and the Gold Book indicated that manganese is not a
significant concern for freshwater habitats. While these inorganics are likely
background related and associated with either inflow entering the oxbow or from
naturally occurring inorganics present in surrounding soils or sediments,
additional information would be necessary to substantiate the potential sources.

o All detected analytes in sediment samples were found to be less than generic
SQGs, except for selenium. However, selenium was not detected at
concentrations significantly above upgradient in the surface water samples and is
not a COPC at the site.

o For the future groundwater remediation system shut-down scenario, all modeled
surface water concentrations were estimated to be below available WQC, except
lead and manganese.
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TABLE 3-1
SUMMARY OF DETECTED VOLATILE ORGANIC COMPOUNDS IN SOILS
QUALITY ANALYTICAL SERVICES SITE
BLUE SUMMIT, MO

r SAMPLE Methylene | 1,1,2,2-Tetra-
BORING | DEPTH| DATE Units Acetone | Chloromethane | Chloride chloroethane Xylenes Toluene
[o7B1 4" 13-Oct-97| mglkg 0.50 U 0.05 U 0.05 U 15.30 0.0625 U | 0.0625 U
';BG 10'| 20-Oct-97| mg/kg 0.50 U 66.90 J 0.05 U 0.0125 U 0.0625 U 0.0625 U
lo7Bs 25'| 22-0ct-97| mgkg | 050U 0.05 U 78.40 0.0125U | 00625U | 0.0625 U
9788 29'| 22-Oct-97] mg/kg 0.50 U 0.05 U 0.05 U 17.90 0.0625 U 0.0625 U
|97B13 ~ 6"| 11-Nov-97| mglkg 0.50 U 0.05 U 005U 00125 U | 00625U | 68.50
97B13 DUP| 11-Nov-97| ma/kg 0.50 U 0.05 U 0.05 U 0.0125 U 0.0625 U 96.00
97814 |  6"| 24-Nov-97| mglkg 0.50 U 0.05 U 60.50 00125 U | 0.0625U | 0.0625 U
lo7B14 5'| 24-Nov-97| mglkg 0.50 U 0.05 U 76.30 | 0.0125 U | 0.0625U | 0.0625U
97814 10'[ 24-Nov-97| mgkg | 050U 0.05 U 83.50 00125 U | 0.0625U | 0.0625U
97814 | 11| 24-Nov-97| mglkg 0.50 U 005U | 7410 00125 U | 00625 U | 0.0625 U
97B14 15'| 24-Nov-97| mg/kg 0.50 U 0.05 U 109.0 0.0125 U | 0.0625 U | 0.0625 U
97B14 20| 24-Nov-97| mg/kg 0.50 U 005U | 1130 0.0125 U | 0.0625 U | 0.0625 U
97B14 24'| 24-Nov-97| mg/kg 0.50 U 0.05 U 77.40 0.0125 U 0.0625 U 0.0625 U
97815 6"| 25-Nov-97| mgkg | 050 U 005U | 7340 00125 U | 0.0625U | 0.0625 U
97815 | 5| 25-Nov-97| mglkg 0.50 U 005U | 9550 00125 U | 00625 U | 0.0625 U
97B15 10'| 25-Nov-97| mglkg 0.50 U 0.05U 111.0 0.0125 U | 0.0625 U | 0.0625 U
97815 DUP| 25-Nov-97] mglkg 0.50 U 0.05 U 87.50 0.0125 U 0.0625 U 0.0625 U
97816 6"| 26-Nov-97| mg/kg 0.50 U 0.05 U 74.40 00125 U | 00625 U | 0.0625 U
97816 5| 26-Nov-97| mglkg 1070 0.05 U 78.10 001250 | 0.0625U | 0.0625U
97B16 | 10’ 05U 0.05 U 63.60 00125 U | 00625 U | 0.0625 U
22 876 0.05 U 0.05 U . 0.0125 U : [30625 U 0.06?5 U
| 1501 - T osou]  oosu | oosu| o011 | 00625U | 0.0625U

Definitions:

mg/kg = Milligrams per kilogram
J = Value is estimated
U = Undetected at method detection limit
" B18 Shaded borings located inside QAS building.
Only locations with detections are included in the summary table. All other locations were non-detect




TABLE 3-

2

ANALYTICAL RESULTS FOR SVOCs, PESTICIDES, and HEX CHROMIUM
BORINGS BENEATH THE ON-SITE BUILDING

Date
CHEMICAL Coliected | Units |[B17R-0.5'| B17R-2.5'| B17R - 5.0'| B17R - 7.5'| B18R - 0.5'| B18R - 2.5'| B19R - 0.5'| B19R - 2.5'| B19R - 6.0'| B19R - 7.5'| B19R - 10.0'| B19R - 12.5'| B19R - 15.0"

SEMI-VOLATILE ORGANIC COMPOUNDS

Acenaphthene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Anthracene 25-Aug-00 | uglkg ND ND ND ND ND ND ND ND ND ND ND ND 62(J)
Benzoic acid 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(a)anthracene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Bis(2-ethylhexyi)phthalate | 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND 210(J)
Chrysene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
2,4-Dimethylphenol 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Dibenzofuran 25-Aug-00 | uglkg ND ND ND ND ND ND ND ND ND ND ND ND ND
1,2-Dichlorobenzene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
1,4-Dichlorobenzene 25-Aug-00 | ug/kg ND ND ND ND - ND ND ND ND ND ND ND ND ND
2,4-Dinitrotoluene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Hexachlorobenzene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Hexachloroethane 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Hexachlorobutadiene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Fluoranthene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Fluorene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
2-Methyinaphthalene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
2-Methylpheno! 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Nitrobenzene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Naphthalene 25-Aug-00 | uglkg ND ND ND ND ND ND ND ND ND ND ND ND ND
3-Methylphenol 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Butyl benzyl phthalate 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
p-Cresol (4-methylphenol) | 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Pyradine 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Di-n-butyiphthalate 25-Aug-00 | ug/kg ND ND 54(J) ND ND 60(B,J) ND ND ND 100(B,J) 42(B.J) ND 140(B.J)
N-Nitrosodiphenylamine 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Phenanthrene 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Phenol 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Pyrene 25-Aug-00 | uglkg |~ ND ND ND ND ND ND ND ND ND ND ND ND ND

PESTICIDES
beta-BHC 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
gamma-BHC 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Heptachlor 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
Heptachior epoxide 25-Aug-00 | ug/kg ND ND ND ND ND ND ND ND ND ND ND ND ND
IMETALS
hiexvalent Chrome 25-Aug-00 { mg/kg | 0.258 0.203 0.641 1.02 0.367 0.137 0.418 0.299 0.465 0.685 0.47 0.718 0.816 |
ug/kg = microgram per kilogram
ND = not detected
(B)-Analyte is found in the associated blank
(J)-Detected but below the PRL; result is estimated Page 1 of 2




(B)-Analyte is found in the associated blank
(J)-Detected but below the PRL; resuit is estimated

TABLE 3-2
ANALYTICAL RESULTS FOR SVQCs, PESTICIDES, and HEX CHROMIUM
BORINGS BENEATH THE ON-SITE BUILDING

Date
CHEMICAL Collected | Units | B19R - 17.5'| B19R - 20.0'| DUPLICATE

SEMI-VOLATILE ORGANIC COMPOUNDS

Acenaphthene 25-Aug-00 | ug/kg ND ND ND
Anthracene 25-Aug-00 | ug/kg ND ND ND
Benzoic acid 25-Aug-00 { ug/kg ND ND ND
Benzo(a)anthracene 25-Aug-00 | ug/kg ND ND ND
Bis(2-ethylhexyl)phthalate 25-Aug-00 | ug/kg ND ND ND
Chrysene 25-Aug-00 | ug/kg ND ND ND
2,4-Dimethyiphenol 25-Aug-00 | ug/kg ND ND ND
Dibenzofuran 25-Aug-00 | ug/kg ND ND ND
1,2-Dichlorobenzene 25-Aug-00 | ug/kg ND ND ND
1,4-Dichlorobenzene 25-Aug-00 | ug/kg ND ND ND
2,4-Dinitrotoluene 25-Aug-00 | ug/kg ND ND ND
Hexachlorobenzene 25-Aug-00 | ug/kg ND ND ND
Hexachloroethane 25-Aug-00 | ug/kg ND ND ND
Hexachlorobutadiene 25-Aug-00 | ug/kg ND ND ND
Fiuoranthene 25-Aug-00 | ug/kg ND ND ND
Fluorene 25-Aug-00 | ug/kg ND ND ND
2-Methyinaphthalene 25-Aug-00 | ug/kg ND ND ND
2-Methyiphenol 25-Aug-00 | ug/kg ND ND ND
Nitrobenzene 25-Aug-00 | uglkg ND ND ND
Naphthalene 25-Aug-00 | ug/kg ND ND ND
3-Methylphenol 25-Aug-00 | ug/kg ND ND ND
Butyl benzyi phthalate 25-Aug-00 | ug/kg ND ND ND
p-Cresol (4-methyiphenol) | 25-Aug-00 | ug/kg ND ND ND
Pyradine 25-Aug-00 | ug/kg ND ND ND
Di-n-butylphthalate 25-Aug-00 ] ugkg 90(B,J) 89(B,J) ND
N-Nitrosodiphenylamine 25-Aug-00 | ug/kg ND ND ND
Phenanthrene 25-Aug-00 | ug/kg ND ND ND
Phenol 25-Aug-00 | ug/kg ND ND ND
Pyrene 25-Aug-00 | ug/kg ND ND ND

PESTICIDES

{beta-BHC 25-Aug-00 | ug/kg ND 2.8 ND
gamma-BHC 25-Aug-00 | ug/kg ND ND ND
Heptachlor 25-Aug-00 | ug/kg ND ND ND
Heptachlor epoxide 25-Aug-00 | ug/kg ND ND ND

IMETALS

|Hexvalent Chrome 25-Aug-00 | mg/kg|  1.42 1.12 0.581

ug/kg = microgram per kilogram
ND = not detected

Page 2 of 2




TABLE 3-3
SUMMARY OF DETECTED PESTICIDES AND PCBs IN SOILS
QUALITY ANALYTICAL SERVICES SITE
BLUE SUMMIT, MO

DATE | CONCENTRATIONS IN mg/kKg
BORING | DEPTH| SAMPLED | beta-BHC | Heptachior | PCB-1260
—— e
9783 3"]_14-Nov-97 0.002U | _0.002U 0.0790
9784 3"|__20-Oct-97 0.002 U | 0.0549 0.002 U
9785 6" 20-Oct-97 0.002 U | 0.0076 0.0987
[o7B7 | 4| 21-Oct97 | 0.02U | 0.0096 0.0610_
15| 21-Oct-97 0002U [ 0.002U 0.0278
9788 5] 21-Oct-97 0.002 U | 0.00670 0.002 U |
(1 ~ 29| 22-Oct-97 0.002U | 0.00879J | 0.0400
9789 2] 3Nov-67 | 0002U [ 0.002U [ 0.0470
5 3-Nov-97 | 0002U | 0002U | 00173
= 10|  3-Nov-97 0002U | 0.002U 0.0109
97810 6" 4-Nov-97 0002U | 0.002U 0.0360
25/ 4-Nov-97 0.002U | 0.002U 0.0124
97811 6" 5-Nov-97 0.002U | 0.002 U 0.0128
97812 6] 10-Nov-97 0002U | 0002V 0.0458
20'|  10-Nov-97 0.002 U | 0.00285 0.002 U
97814 10 24-Nov-97 0002 U | 001504 0.0357
11" 24-Nov-97 0002 U | 0.00917J | 0.0687
20'| 24-Nov-97 0.002 U | 0.00497 J 0.002 U
97816 6| _26-Nov-97 | 0.00881 0.002 U 0.002 U
08B18 75| 11-Mar-98 0.004 0.007 0.4450
98819 | 0] 11-Mar98 | 0.002U | 0002U 0.0428
125| 11-Mar-98 | 0002U | 0.002 U 0.0730
150 11-Mar-98 0002U | 0002U | 0.0270
16.8'| 11-Mar-08 0002U | 0.002U 0.0840

U = Undetected at method detection limit
J = VALUES ARE ESTIMATED
B18 Shaded borings located inside QAS building.

Only locations with detections are included in the summary table. All other locations were non-detect.




TABLE 3-4
SUMMARY OF DETECTED METALS IN SOILS
QUALITY ANALYTICAL SERVICES SITE
BLUE SUMMIT, MO

SRMPLE
SAMPLE ID DATE | UNITS} ARSENIC | BARIUM | BERYLLIUM| CADMIUM | CHROMIUM | COBALT | COPPER IRON LEAD | MANGANESE] MERCURY | NICKEL SILVER | THALLIUM TIN VANADIUM ZINC

Toct! gl 50U X3 0. - 0.020 T80 504 ETiF) 4,320 (%14 01 00Ul a0 | 20 | o180 X4V X 1.70
97824 3-0ct-97 | mgiKg 50 U 94.5 0.4430 166 10.30 24 J 9.53 ) 8,620 14.70 415 0.075 U 12.60 2.450 0.185 U 5U 6.90 36.70
9782-2.5' 3-0ct-97 Kg| 6.98 175.0 0.9030 2993 13,40 7.70 J | 1350 J 18,600 6.30 799 0.090 20.20 0.326 0.215 .5 U 40 52.00 J
9782-7.5' -Oct-97 | mo/Kg| 5.0 U 88.1 0.6150 2148 12,80 5630 | 12200 14,100 2.00 351 0.075 U 15.10 0.310 | 0185 U 5 U 510 56.60 J
5782-10.0° -0ct-97 | mg/Kg| 15.40 107.0 1120 4.59 23.40 1240 J ) 2030 J 20,400 20.40 439 0,075 U 46.10 0287 0.395 5 U 2.40 185,00
97B83-3° 14-0ct-97 § mg/K; 50U 45, 02230 J 0.775 557 1827 6.92 5,100 20.10 3350 | NBL6S) UR| 6.96 250 0.185 U 5 U 40 29.70 J
9783-2.5' 14-0ct-97 | mg/kg | 6.04 22, 0.8780 J 215 1270~ 7297 | 11.90 142000 | 71350 553 J__ | ND675) UR| 1650 5 U 0.185 U 5 U 2.60 40.90 J
9783-5.0° 4-0ct-97 | mg/Kg| — 6.07 18, 0.8380 J 1.78 10.50 737 J | 1440 14,100 14.60 597 J 03070 R 16.00 5 U 6185 U 5 U 8.30 39.60 J
97B3-7.0° 14-0ct-97 [ mg/Ka 50 U 135.0 0.6950 J 1.85 10.70 683 J | 1240 Ty 13800 1600 634 J GI020 R 14.80 5 U 0.185 U 250 5.80 41.30 J
9783-10.0° 4-Oct-97 | mg/Kg| ~ 7.91 174.0 0.7450 J 2.05 11.80 7.36 J ] 1240 17,100 14.40 605 J 0310 R 14,50 254 0.185 U 25U 20.20 4740 J
9783-12.6° 4-0ct-97 | mg/Kg| 713 1180 0.6930 J 196 591 671J | 1180 | 14,600 3.70 499 J | NBLOZS) UR|_ 16.70 25U 0.185 U 25U 17.10 45.30 J
9783-15.0° 14-Oct-97 | mg/Kg§ 7.43 1440 0.7092 J 1.98 9.78 7284 171320 T 15800 4.50 507 J 060760 R 17.80 250 | 0211 25U 8.90 51.10 J
97B3-17.5' 14-0ct-97 | mg/Kal ~ 6.45 178.0 0.6900 J 2.00 10.30 6.53J | 13.80 13,800 410 743 4| NDO75) UR| ~18.00 25U 0.216 25U 7.40 51,10 J
9783-20.0° 14-0ct-97 | mg/Kg} 6.34 197.0 .6500 J 2.15 9.69 7.74 J | 1340 13,000 14.00 1,450 3| NBLO78) UR|  21.80 250 0.212 254 6.30 50.50 J
DUPLICATE 14-0ct-97 | mgikg|  5.10 150.0 .6990 J 1.83 10.80 7.49° 3 | 12.00 13,100 13.70 641 J 0.087 14.10 250 0.185 U 25U 2010 4370 J
978437 20-Oct-97 | mg/kg 50U 47 1950 1.09 6.39 1.71J | 1040 5,120 4260 251 ) 0.075 U 6.62 J 254 0.185 U 25U 4.28 85.40 J
97B5-6" 20-Oct-87 Kg 50 U 146.0 3850 1.32 8.88 476 ) | 1190} 7,820 43.40 515 J 0.075 U 13.60 J 250 0.185 U 254 9.64 5460 J
9786-4" 20-Oct-97 | ma/Kg 50U 49.8 2850 0.801 726 244 ) 748 5610 1220 257 J 0.075 U 8.46 J 25 U 0.185 U 25U 8.32 27.80
9786-10.0° 20-0ct-97 | ma/Kg | 16.20 914 9880 523 68.30 8980 | 5810 15,800 | 68.40 208 J 0.17 54.80 J 25 U 0.982 25U 389.0 - 534
B7B7-4 21-0ct-97 | ma/Kg 50U 60.5 .3150 1.37 7.29 2385 716 J 6,390 26.30 363 J 0.075 U .58 5 U 0.185 U 50 9.54 31.80 J
9787-10.0' 21-0ct-97 | mg/Kg| _ 5.51 164.0 6910 2.30 10.70 .90 1240 J 13,900 14.70 681 J 0.075 U 15.50 .5 U 0185 U 5 U 18. 47.60 J
07886 21-0ct-97 | maiKg 0 U 110.0 0.2500 24 7.00 00 1884y 5270 .40 3214 0.075 U .09 .5 U 0.185 U 5U 719 38704 |
9788-5 21-0ct-97 | mg/Kg .0 U 1320 0.8870 77 16.80 .48 1430 J 16,600 .70 699 J - 0.075 U 20.40 5 U 0218 .5 U 2010 47.60 J
9788-10° 21-0ct-97 | ma/Kq 0 U 66.0 0.8020 .64 13.50 31 1820d 15,000 .70 707 J 0.075 U 20.50 5 U 0.185 U 5U 19.40 4910 J
3768-15' 21-0ct-97 { mg/Kg| 5.56 141.0 0.9130 .78 15.50 .33 15.00 J 16,500 18.10 803 0.075 U 21.20 5 U 0.234 5 U 22.30 61.40 J
9788-20° Oct-97 | mg/Kg} 10.10 251.0 1.0500 .75 21.20 11.30 24.10 J_ |~ 23,700 18.20 539 J 0.075 U 28.30 5 U 0.185 U 5 U 30.50 67.80 J
5788-25' 2-Oct-97 | ma/kg 500 753 0.6230 .26 11.80 542 J | 1110 ,830 .30 66 0.075 U 10.20 5 U 0.185 U 54U .70 J 5280
9786-29" 72-Oct-97 | mg/Kg 50U 115.0 0.6210 1.80 10.90 551 J | 10.80 11,500 3.00 219 0.075 U 14.70 50 0.185 U .5 U .80 J 64.70
97882 3-Nov-97 | mg/Kg 50U 63.4 u 153 J 6.85 341 7.89 7420 174340 408 0.075 U 6.20 J 25U 0.185 U 50 48 33.50
9789-5' 3-Nov-97 | mg/Kg|  5.7: 86.0 0.9630 292 J 18.10 38 | 1340 15600 | 1840 657 0075 U 1.40 J 25 U 0.185 U 5 U 23.70 46.10
57B9-10.0° -Nov-97 Kg .25 43.0 0.8430 .55 J 1320 33 1250 1744900 | 17.00 715 0.075 U 0.70 J .5 U 0.185 U U .00 54.90 J
9789-15.0° -Nov-87 | mg/Ka 48 74.0 8320 84 J | 13.80 5% | 1340 16,600 14.80 578 0.075 U 0.20 J 5 U 0185 U 25U .30 51.90
9789-20.0° 3-Nov-97 | mg/Kg .95 127.0 7470 65 J 11.30 49 | 11.80 14,00 15.80 480 0.075 U .50 J 5 U 0.185 U 2.5 .00 47.80 J
9789-25.0° v-07 | mg/Kg| 593 74.5 0.6060 2254 12.70 47 11.80 12,100 16.50 95 0.075 U 13.10 J 25U 185 U 50 16.60 50.50 J
97810-6" 4-Nov-97 | mg/Kg 504U 79.2 0.3830 1.46 855 349 0.075 U 10.70 25U 185 U 5UJ| 13204 53.90
97810-5.0° ov-97 | mg/Kg|  6.33 150, 0.8520 04 156.70 784 0.075 U 23.20 25U 0.185 U 50J| 19.90 J 5100 |
97810-10.0° 4-Nov-97 | mgiKg|  7.62 608.0 0.4250 .92 15.50 706 0.075 U 23.30 25U 0.185 U 5UJ| 2010 J 66.60
57810-15.0° 4-Nov-87 | mg/Kg| 6.58 150. ,8480 .93 16.30 708 0.075 U 2310 50 6.185 U 2.5 UJ| 1950 J 47.70
97810-20.0° 4-Nov-57 | mg/Kg]  5.99 1574 8740 34 0.60 589 675 U 4.80 5 U 0.185 U 2.5 UJ| 1580 J 48.40
57810-25.0° 4-Nov-97 | mg/Kg] 8.06 164, 7040 245 0.00 628 075 U 8.00 1] 0.185 U 25 US| 17,80 ] 56.20 |
578116" 5-Nov-87 | ma/Kg 50 U 474 1160 1.06 551 232 075 U 8.27 U 0.185 U 254 .75 §5.20
97811-10.0° 5-Nov-97 | mg/Kg| 6.40 122.0 .5000 2.53 4.20 62 0.075 U 19.20 5 U 0.200 25U 18.30 43.70
97B11-15.0° -Nov-97 | ma/Ka 500 115.0 7980 .48 2.40 647 0.075 U 18.70 5 U 0.185 U 25U 18.60 49.60
97811-20.0° -Nov-97 Kal 558 161.0 ,7020 .25 0.40 563 0.075 U 16.80 .5 U 0.185 U 25U 14.90 4310
97811-25.0° -Nov-97_| mg/Kg|  5.99 11.0 7000 .27 0.70 7809 0.075 U 17.00 .5 U 0.185 U 25U 8.20 114.60
97811-30.0° ov-97 Kg, 50 U 25.0 X 75 847 466 0075 U 12.10 5 U 0.185 U 25U 13.90 42.90
978126" 10-Nov-57 Kg 50 U 629 4770 41 7.64 4 0.075 U 7.05 .5 U 0.185 U 25 UJ | 10.10 §2.40 J
67812-10.0° 0-Nov-97 | mg/Kg 50U 137.0 5230 2.86 1310 415 0.051 15.50 .5 U 01850 | 2610 J 18.60 25.30 |
97812-15.0° 0-Nov-97 | mg/Kg] — 5.76 1440 7950 2.88 14.40 763 0.075 U 19.40 5 U 0.185 U 2.5 UJ | 18.00 51.80 J
57812-20.0° 10-Nov-97 | mg/Kg| 5.2 160.0 6080 2.1 13.30 673 0.075 U 18.30 7] 0.185 0 250J] 1840 55,70 J
97812-DUP 10-Nov. Kg| 5.2 58.0 6870 2.77 12,20 712 0.075 U 18.90 .5 U 0185 U 25U0J] 17.00 63.30 J
57813-6" 11-Nov-97 | ma/Ks 50U 420 .0532 0.922 4.37 301 0.075 U 37 4.190 0.185 U .5 UJ .29 46.60 |
97813-10.0' 11Nov-97 | mg/Kg|  6.02 148.0 ,7820 2.85 1220 750 075 U 20.90 5U 0.185 U .5 UJ] 15,60 56.00 J
97813-15.0' 11-Nov-97 | mg/Kg 50 U 3. ,7070 .80 11.90 4.50 679 075 U 16.10 50U 0.185 U .5 US| 16.00 60.80
97813-20.0° 11-Nov-87 | mg/Kg| ™ 7.7 150. .7300 20 1310 .20 554 0075 U 16.20 5U 0180 5 UJ 2570 77.00 J
97813-25.0' -Nov-97 Kg 50U 42, 6290 43 12.20 B .10 626 0.075 U 16.60 U 0.185 U 5 US| 16.70 57.40 J
[97813-30.0° -Nov-97 | mg/Kg}_~7.53 177. 0.4910 &1 67 | 1210 1,810 0.075 U 25.60 U 0.385 5 UJ| 22.90 74.50 J
97813-DUP 11-Nov-97 | mg/Kg 30 107.0 ,6990 72 .00 14.40 904 0075 U 19.50 .5 U 0.185 U 5 UJ| 1750 47.00
07814-6" 4-Nov-97 | mg/Kg 95 168.0 6930 80 .30 15,80 618 0.075 U 4.60 5 U 0185 U .5 U 20.00 57.90
97814-5.0° 4-Nov-97 | mg/Ka| 76 55.0 6690 2384 0 15.40 537 0.075 U 6.20 5 U 0.185 U 254 19.20 7610 |
97814-10.0° 4-Nav-97 | mgiKg U 271 .5670 2.42 . 16,60 39 0.075 U 15.80 5 U 0.240 250 1850 50.80
[97814-15.0° 4-Nov-97 | ma/Kg U 98, 0.4681 74 12.50 25 0.075 U 1190 .5 U 0.185 U 5 U 15,10 47.20
97814-20. 4-Nov-97 | mg/Kg 0 U 85, 0.370 56 i .74 29 0.075 U 15.20 5 U 185 U .5 U .50 58.40
57814-24.0° 4-Nov-97 Kg 50U 78. 0.336 .76 .44 58 oo U 12.30 25U 185 U 5 U 2.70 64.10
97B15-6" -Nov-97 | ma/Kg .08 132.0 865 .91 18.60 418 GOBEG R 14.70 25U .205 254 20.90 48.50
97815-5.0' 5-Nov-97 | ma/Kg .43 170.0 739 .85 1040 TUTHaB00 | daT0 p e 04210 R 18.40 250 0.185 25U 26,70 65.40
[07815-10.0° 5-Nov-97 | mg/iKg|_ 7.58 133.0 0652 R T | 14,300 f_1380 335 NBCOZ8) UR| 1560 25U 0185 U 250 22.70 45.50
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TABLE 3-4
SUMMARY OF DETECTED METALS IN SOILS
QUALITY ANALYTICAL SERVICES SITE
BLUE SUMMIT, MO

CHROMIUM
e i

7.0.R STRIKETHROUGH INDICATES REJECTED (R) DATA BASED ON ANALYSIS OUTSIDE OF HOLDING TIME
J = VALUES ARE ESTIMATED U = UNDETECTED
vmmmmmmm
= Milligrams per kilogram
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TABLE 3-5
SUMMARY OF TOTAL METALS IN SURFACE WATER - OXBOW
QAS Site
Blue Summit, MO

SAMPLE DATE OF ARSENIC BARIUM CADMIUM CHROMIUM  LEAD MANGANESE  MERCURY  NICKEL SELENIUM SILVER

NUMBER COLLECTION mg/| mg/l mg/l mg/l mg/| mg/l mg/l mg/l mg/l mg/l
OX-1 9/8/2004 17:30 001U 0.16 0.005 U 0.01 U 0.0077 T 1.7 0.0002 U 0.01 U 0.011 0.005 U
0OX-2 9/8/2004 17:10 0.01 U 0.11 0.005 U 001U 0.005U 0.34 0.0002 U 0.01 U - 001U 0.005 U
0OX-3 9/8/2004 16:15 0.01 U 0.12 0.005 U 001U 0.005U 0.44 0.0002 U 001U 0.01 U 0.005 U
OX-4 9/8/2004 15:40 0.01 U 0.11 0.005 U 001U 0.005U 0.48 0.0002 U 0.01U 0.017 0.005 U
OX-5 9/8/2004 14:40 0.01 U 0.18 0.005 U 0.01 U 0.02 1 0.0002 U 0.01 U 0.012 0.005 U
OX-6 9/8/2004 12:30 0.01 U 0.13 0.005 U 0.01 U 0.0053 1.5 J6 0.0002 U 0.01 U 0.01 U 0.005 U
OX-7 9/8/2004 16:30 0.01U 0.12 0.005 U 001U 0.005U 0.42 0.0002 U 0.01 U 001U 0.005U
0X-8 9/8/2004 16:45 0.01 U 0.1 0.005 U 0.01U 0.005U 0.36 0.0002 U 001U 0.01 U 0.005 U
OX-9 9/8/2004 15:55 0.01U 0.12 0.005 U 001U 0.005U 0.63 0.0002 U 001U 0.0tU 0.005U
0X-10 9/8/2004 14.55 0.01 U 0.23 0.005 U 0.012 0.039 1.8 0.0002 U 0.01 U 0.01U  0.005U
Frequency of Detection (%) 0.00 100 0.00 10 40 100 0.00 0.00 30 0.00
Maximum Detected Conc. ND 0.23 ND 0.012 0.039 1.8 ND ND 0.017 ND
Average Concentration 0.14 0.010 0.87 0.011
BRD-1 9/8/2004 18:00 0.01 U 0.13 0.005 U 0.01U 0.005U 0.31 0.0002 U 0.01 U 0.01 U 0.005 U
BRU-1 9/8/2004 17:45 0.01 U 0.12 0.005 U 001U 0.005U 0.13 0.0002 U 0.01 U 001U 0.005 U
Defintions:

mg/l = milligrams per liter

BRD = Blue River Downstream Location
BRU = Biue River Upstream Location
U = Not detected at or above detection limit
J6 = Matrix interference; spike value is low.
ND = Not Detected

BE i)



Table 3-6

Summary of Metal Results for Oxbow Sediment Samples
Quality Analytical Services Site
Biue Summit, MO

SAMPLE DATE OF ARSENIC |BARIUM [CADMIUM |CHROMIUM LEAD MANGANESE |MERCURY |NICKEL SELENIUM SILVER

NUMBER | COLLECTION mg_ik_g m__g/kg mg_/_k_g m__‘g/kg mg____@ mg/k_g_ mg/kg mg_/g mg/kg mg/kg
OX-1 9/8/2004 17:30 4.2 110 0.3 12 40 310 0.038 21 6.2 025U
OX-2 9/8/2004 17:10 3.1 120 0.25 U 10 17 250 0.023 19 5.1 0.25 U
0X-3 9/8/2004 16:15 5.5 120 0.25 U 15 39 340 0.034 27 7.4 0.25 U
OX-4 9/8/2004 15:55 4.4 120 0.37 14 43 240 0.1 24 6.2 025 U
OX-5 9/8/2004 14:40 3.6 110 0.31 11 30 200 0.04 20 5.5 0.25 U
OX-6 9/8/2004 12:30 4.3 120 0.44 14 J3 44 J5 270 0.05 24 J3 6.6 J3J6 0.25 U
OX-7 9/8/2004 16:30 5.4 120 0.28 13 36 280 0.036 24 71 025U
0OX-8 9/8/2004 16:45 5.3 120 0.3 13 34 270 0.039 22 5.5 0.25 U
0X-9 9/8/2004 15:55 4.4 130 0.33 12 51 240 0.035 20 5.6 0.25 U
OX-10 9/8/2004 14:55 3.6 99 0.32 12 37 230 0.035 18 5.3 025V
Maximum Detected Conc. 5.5 130 0.44 15 51 340 0.11 27 7.4 ND

‘ Average Concentration 4.38 116.9 0.29 12.6 37.1 263 0.044 21.9 6.05

Notes:

mg/kg = milligrams per kilogram
U = Not detected at or above detection limit
J3 = Quality control outside the established QC range for precision.
J§ = Matrix interference; spike value is high.
J6 = Matrix interference; spike value is low.



TABLE 4-1
EXPOSURE PATHWAY ANALYSIS

QUALITY ANALYTICAL SERVICES Site
Blue Summit, Missouri

Scenario Source Exposure | Exposure| Receptor | Receptor | Exposure Exposure Type of Corresponding Exposure Rationale and Analysis
Timeframe Medium Medium Point Population Age Route Areas Analysis
- On-Site and
Surfaoe1 Soil (O-{surface Soill Commercial - Ingestion | Of-Site Area| Quantitative
) ©-1) | indoor Worker 1
Current/ Ingestion Quantitative [Soil COPCs were selected by comparison to Region 9 (R8) PRGs and
Euture Subsurface (0- | Subsurface] Commercial - b | On-Site and background levels (metals). Potential adverse heaith risks associated
Soil 2) ©-2) |Oudoor Worker] ~ Adult Abs%nrzt?on Off-Site Areal Quantitative [with exposures to soils COPCs were quantified.
1
i Construction . o
Subsurface Soil Subg:;lface Worker Inhalation Quantitative
On-Site and The MDCs in groundwater were compared to Look-up Screening Tables
Current/ . - Commercial - " v ... |in EPA's Vapor Intrusion to Indoor Air Pathway Guidance (USEPA,
Future ) Groundwater ndoor Air Buildings Indoor Worker Aduit Inhalation Off-S|t1e Area| Quantitative 2002). COPCs selected for the indoor air pathway were further evaluated
’ using the J&E Model.
Downgradient The MDCs in groundwater were compared to Look-up Screening Tables
Current/ . : Off-Site Area 4aeoo {in EPA's Vapor intrusion to indoor Air Pathway Guidance (USEPA
. _— - Inhalation Quantitative ?
Future Groundwater Indoor Air | Buildings Off-site Adult/ Child 2 2002). COPCs selected for the indoor air pathway were further evaluated
Resident using the J&E Model.
Off-Site Ingestion Currently, impacted groundwater is not used as a potable source, hor is it}
expected to be used in the future based on site conditions and
Off-site Area 2 | . Dermal Off-Site Area - surrounding land use. Based on site and regional groundwater flow, site
Future Groundwater Groundwater Private Well Area 2 Adult/ Child Absorption 2 Qualitative groundwater flows west toward the oxbow and Blue River. However, wesi]
Resident of the Blue River, groundwater flow is east towards the low lying Blue
Inhatation River; thus site groundwater is not expected to reach residential areas.
Commercial Ingestion Quantitative
Dermal Off-Site Currently, impacted groundwater is not used for potable or industrial
Future Groundwater | Groundwater Well Worker Adult Abso:nta'on Areas 1and | Quantitative Jpurposes, nor is it expected to be used in the future based on site
Pt 2 conditions and surrounding land use.
Inhalation Quantitative
Ingestion Quantitative |No VOCs were detected in surface water or sediment samples from the
Current/ Surf Recreations! b | Ofi-Site Area oxbow. Thus, the inhalation pathway is not expected to be significant.
urface jonal : ermal - _— ; i i
Adult/ Child Recreational user scenario assessed using modeled groundwater-to-
Future Groundwater Water Oxbow User u i Absorption 2 Qualitative alrTnce water estimates. 9
Inhalation Insignificant

U.S. EPA, 2002, Draft Guidance for Evaluating the Vapor Intrusion to indoor Air Pathway from Groundwater and Soils, November,
J&E Model = Johnson and Eftinger Model




SUMMARY OF BACKGROUND EVALUATION OF DETECTED METALS IN ALL SOILS

TABLE 4-2

QUALITY ANALYTICAL SERVICES SITE

BLUE SUMMIT, MO

i

it

SAMPLE
SAMPLE ID DATE JUNITS| ARSENIC | BARIUM § BERYLLIUM | CADMIUM | CHROMIUM | COBALT } COPPER IRON LEAD | MANGANESE | MERCURY | NICKEL | SILVER ] THALLIUM | VANADIUM ZINC
[ T3-0cta7 |ma/ka| . 50 U X : ) : 39 o6l 3220 Tar 720 | B U 71 p X - ;
6762-4" 13-0ct-97 [mgikg] 5.0 U 945 0.443 1.66 10.3 3244 | 8531 8,620 15 a5 0075 U 126 2.450 085U | 16.90 36.70 J
6782-2.5" 13-0ct-97 [mg/Kg|  6.98 175.0 0.503 2.993 134 7.70 J 147 [ 18,600 16 798 0.09 202 0.326 0.215 17.10 §2.00J
0782-7.5 13-0ct-97 {mg/ikg| 60U 98.1 0615 2.19 128 563 J i2 474,100 12 351 0.075 U 151 0.310 0185 U [ 18.10 56.60 J
6762-10.0° 13-0ct-97 | mgikg| 154 107.0 1.12 4.59 234 1214 200 | 20,400 20 433 0.075 U 46.1 0.287 0.395 12.40 195004
7833 14-0ct-97 fmg/Kg| 50 U 55 0223 4 0.775 | 557 1820 6392 5,100 20 335J | NBCO7s) UR| 696 25U | 0185U | 1040 25.70 J
976325 14-0ct-97 [ mg/ke|  6.04 122 0.878 J 2.5 127 7.2873 12 14,200 14 553 J | ND¢O76) UR| 165 25U | 01850 | 2280 40.50 J
9783-5.0" 14-Oct-67 | mg/Kg| _ 6.07 118 0.838 J 1.78 7273 1 14,100 15 597 4 G0 R 16.0 250 ] 01850 | 1830 39.60 J
9783-7.0° 14-0ct-97 |maikg] 50 U 139 0.695 J 1.85 6.83°J 12 13,800 1% 634 J 63020 R 148 25U | 0185V | 1680 41.30J
] 13-0ct07 | mgika] 791 174 0.745 2,05 | 7.36 0 12 17,100 14 605 J MR 14.5 25U | 0i85U | 2020 47403
97 | mg/Kg ] 06934 | "186 6.71J 12 14,600 14 495 J | MocoTs) UR| 167 250 04850 | 1710 45307 |
mgikg 0.7082 4 1.96 7.28°) 13 15,600 1% 507 J 00760 R 178 25U o 18.90 51100
0.699°J 183 7499 12 13,100 14 641 J 0.087 14.1 25U 1 04850 | 2010 4370 4
0.195 .09 N AN 10 5,120 43 251 J 0075 U 6.62 J 250 | o185V 4,28 86404 |
0.395 132 : 476 J 12 7,820 43 515 J 00750 | 1380J 25U | 0186 U 9,64 8460 J
0.285 | 0.801 7.26 2447 749 5,610 2 257 J 0.075 U 8.46 J 26U | 01854 8.92 27.80 4
0.988 5.23 683 8.98 J 58 16,800 68 208 J 0.178 5480 J 250 | 0082 389.0 §3470 ]
7 0.315 137 7.28 2.85 7.16 J 6,350 PL] 363 J 0.075U 9.58 25U | 01880 9.54 31804
878 10197 0691 2.30 10.7 6.9 i2J 13,900 15 681 J 0.076 U 165 250 | 018650 | 1830 80T
"1 2100187 | mgikg) 0.25 1.24 7.0 2.0 894 5,270 15 217 0.075 U 8.09 25U | 086U 7.8 .70
21.0c1-97 | mgig 0.887 277 6.8 848 14J 16,600 i 699 J 0.075 U 204 250 | 0219 20.10 4760 4
21-0ct-07 | ma/Kg 0.802 264 135 8.31 134 15,000 17 707 3 0.075 U 205 25U | 01850 | 18.40 46.10 J
21-0ct-97 { ma/Kg 0913 2.78 155 8.33 15 16,500 18 803 J 0.075 U 212 250 1 0234 22.30 61.40 J
97602 3-Nov-97 | mgikg [ XY} 1630 6.85 34 7.89 7,120 13 408 0.075 U 9.24 25U | 01850 7.48 3350 0
780-5' 3-Nov-97 | mgiKg 0.963 262 J 8.1 8.38 13 15,600 18 667 0.075 U 2147 25U | 0185U | 23.70 46.16 3
0789-10.0° 3-Nov-87 | mgiKg 0.843 2.55 J 132 8.33 13 14,800 7 716 0075 U 2074 25U | 01850 | 19.00 54.90 J
97B0-15.0° 3-Nov-87 | mg/Kg 0.832 284 4 13.8 8.56 13 16,600 15 578 0.075 U 202 J 250 | 01850 | 1930 51.90 J
97610-6" 4-Nov-97 | mg/Kg 0.383 146 . . 7,620 25 349 0.076 U 10.7 25U | 04850 | 13204 §3.00
97810-5.0° 4-Nov-97 | mg/Kg 0.952 3.04 17,900 19 784 0075 U 232 25U | 0485U | 19.90 4 51.00
97810-10.0' 4-Nov-97 | mg/Kg 0.425 292 17,500 21 706 0075 U 233 25U | 0485U | 20.10J 66.60
97810-15.0° 4-Nov-97 | mg/Kg 0.848 263 17,200 1€ 708 0.075 U 2314 25U | 04850 | 1850 47.70
97811-6" 5-Nov-97 | mg/Kg 0.116 1.06 4,060 18 32 0.075 U 8.27 250 | 014850 8.75 55.20
7811-10.0° 5-Nov-57 [ mgiKg 0.50 253 16,300 17 621 0.075 U 19.2 250 0.20 18.30 43.70
97811-15.0° 6-Nov-97 { mg/Kg 0.793 2.48 13,100 18 647 0.075 U 19.7 250 | 01850 | 1860 49.60
078126 10-Nov-97 | mg/Kg 0177 141 6,580 ] ari 0.075 U 7.05 25U | 0185U | 1010 52.40 J
97812-10.0° 10-Nov-87 | mg/Kg 0.523 2386 10,400 166 415 0.091 165 250U | 04850 | 18.60 25,30 J
67812-15.0° 10-Nov-97 | mg/Kg| 0.755 2.88 14,600 17 763 0.075 U 18.4 250 | 03850 | 18.00 51.80 J
97812-0UP 10-Nov-97 | ma/Ke 0.687 2.77 13,200 16 712 0075 U 18.9 25U | 01850 | 17.00 63.30 J
978138 11-Nov-87 | mg/Ko 0.0532 0.822 3,620 9.78 301 0075 U 537 419 0185 U 8.29 46,60
97813-10.0° 11-Nov-67 | mgiKg 0.762 285 14,900 17 750 0.075 U 2039 25U § 0.185U | 1560 56,00 J
07813-15.0° 11-Nov-97 { mgiKg 0.707 28 14,400 5 679 0.075 U 18.1 25U | 04850 | 16.00 60.80 J
97813-6UF 11-Nov-97 | ma/Kg 0.693 272 13,800 13.40 504 0.075 U | 1950 25U | 04850 | 1750 47.000
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TABLE 4-2
SUMMARY OF BACKGROUND EVALUATION OF DETECTED METALS IN ALL SOILS
QUALITY ANALYTICAL SERVICES SITE
BLUE SUMMIT, MO

SAMPLE
DATE  JUNITS| ARSENIC | BARIUM | BERYLLIUM | cADMIUM | cHROMIUM | COBALT | COPPER IRON LEAD | MANGANESE | MERCURY | NICKEL SILVER | THALLIUM | VANADIUM 2INC
— — e —— B =y~ —— — P —————— m——
24-Nov-97 | mg/Kg|  5.95 168 0.693 2.80 10.30 7.03 11.60 14,300 15.80 618 0.075 U 14.60 25U 0.185 U 20.00 57.90
24-Nov-97 | mg/Kg|  6.76 155 0,669 284 11.0 B X 14,800 15.4 537 0.075 U 16.2 25U 0.185 U 19.20 7610 |
24-Nov-97 | mg/Kg 50 U 127 0.567 242 11.2 125 12,600 16.6 339 0.075 U 15.8 25U 0.24 18.50 50.80
24-Nov-97 {mg/Kg]| 50U 98.3 0.4681 174 1 gad |07 | 11.5 9,210 12.5 125 0.075 U 119 25U | 0185U 15,10 47.20
25-Nav-97 | mg/kg|  9.08 132 0.865 2.91 15,600 418 00840 R 14.7 25U 0.205 20.90 48.50
25-Nov-97 | mg/Kg|  8.43 170 0.739 2.85 B o 715 04210 R 184 25U 0.185 20.70 6540
25-Nov-97 | mgiKg] ~ 7.58 133 0652 2.34 325 NBEO#6) UR] 156 25U 0.185 U 22.70 45.50
25-Nov-97 | mg/Kg|  8.05 185 0.556 2.30 1,268 91180 R 15.4 25U 0185 U 17.80 46.00
25-Nov-97 | mg/Kg|  7.08 143 0.627 2.06 472 0.0910 14.1 25U 0.185 U 17.40 51.10
26-Nov-97 I mg/Kg|  7.01 361 0.834 250 566 00128 R 18.0 250 0.34 21.00 55.50
26-Nov-97 Img/iKg]  7.55 204 0.663 2.26 799 g0 R 16.9 25U 0.20 19.40 48.30
26-Nov-97 | mg/iKg]  6.05 149 0.60 2.21 318 NDCO76) UR 13.8 254U 0.27 15.60 54.10
26-Nov-97 | mg/Kg 18 130 0.7286 364 I 107 609 04330 R 15.5 25U 0.255 25.20 7040
10-Mar-98 I ma/Kg| 6.37 172 005U 246 483 0.0780 14.9 1.86 0.246 18.60 40.50
10-Mar-98 | mgiKgl  8.37 197 0.05 U 246 667 0.075 U 16.6 1.03 0.226 16.50 47.40
10-Mar-98 | mg/iKg]  7.32 153 0.05U 228 536 0.075 U 16.3 1.07 0.297 17.20 46.50
11-Mar-98 [mg/kg] 5.0 U 154 0.05 U 1.72 417 0075 U 104 2.05 0.222 15.10 34.10
11-Mar-98 | mg/ikg| 6.94 198 0.05 U 267 | 612 0.075 U 17.7 1.01 0.28 15.00 50.90
11-Mar-88 | mg/Kg]  6.66 186 005U 292 405 0075 U 13.2 1.01 0.333 13.70 47.60
11-Mar-98 | mgikgl  9.01 120 0.05 U 4.20 1,420 0.075 U 409 1.06 0.283 41.80 118.00
11-Mar-58 | mg/Kgl 5.1 165 0.05 U 226 380 0.075 U 16.1 1.12 0.218 17.60 46.80
11-Mar-88 [mg/Kg|  5.77 151 0.05 U 2.33 . 518 0.075 U 16.7 153 0.336 20.00 48.00
11-Mar-98 [ mg/Ka|  6.54° 139 0.05 U 2.24 ~ T se7 0.075 U 16.5 1.01 0.370 19.50 47.30
A1-Mar-98 I ma/kg| 7.68 158 005U 2.40 630 0.075 U 16.7 1.22 0.258 19.00 45.30
11-Mar-98 | mg/Kg| ~ 10.3 183 0.05 U 2.35 746 0.075 U 193 1.24 0.210 16.10 49.10
11-Mar-88 { mg/Kg] ~ 6.68 188 0.05 U 242 485 0.075 U 14.1 1.01 0.372 20.60 56.00
14-Mar-88 Img/kg] 791 | 210 0.05 U 3.99 1,570 0.075 U 38.1 1.25 0.446 21.50 56.60
11-Mar-88 | mg/Ki 50 U 145 0.05 U 2.08 14,400 452 0.075 U 17.9 1.86 0.277 23.80 43.40
Number of Detects/Samples 46 70 70 70 54 70 70 70 70 70 70 70 70 6 70| 70 70 21 70 29 70 70 70 70 70
MAX Detected tration | 18 608 112 5.23 21,500 166 1,570 0.178 54.8 4.19 261 389 195
Geomeétric Méa | 50 131 0.32 2.20 12,532 16 518 0.042 16 122 25 17 48
Published Background Levels ** 8.7 580 0.80 10U 54.0 10.0 130 26,000 +++ 20 740 0.039 14.0 NA NA 69 49
Is Mean » Background? No No No Yes No No No No No No Yes Yes NA NA No No
#0-R STRIKETHROUGH INDICATES REJECTED (R) DATA BASED ON ANALYSIS QUTSIDE OF HOLDING TIME
J = VALUES ARE ESTIMATED ‘U= UNDETECTED NA = Not Avaitable MDC = Maximum detected concentration
+ = Average/Mean concentrations were calculated using one-half the detection limit (DL) of non-detected values, except for beryllium where Di.s were not available thus only detected concentrations were averaged.
++ = Tidball, Ronald, R., 1984, Geachemical Survey of Missouri: Geagraphy aof Soil Geochemistry and Classification by Factor Analysis of Missouri Agricultural Sails (USGS Professional Paper 954-H, 1.)
+++ = Shackiette, Hansford T. and Baemgen, Josephine., 1984. Averages are provided.
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Scenario Timeframe:
Medium:

Exposure Medium:
Exposure Point:

Soil

Current/Future

Soil (0-15 feet)
Soil (0-15 feet)

. TABLE 4-3
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Quality Analytical Services Site

Blue Summit, Missouri

CAS Chemical Minimum Maximum Units Location Range of |Concentration Screening (1) | COPC | Rationale (2)
Number Detected in Concentration | Detected of Maximum Detection Used for Toxicity Value Flag | for Chemical
Soils Concentration Concentration Limits Screening Industrial (Res) Deletion
(MDC) (MDC) or Selection
|167-64-1 Acetone 05U 1070 mg/kg 97B16-5' 0.5 1070 54,000 nc 14000 nc No BSL
120-12-7 |Anthracene 0.4 U 0.062 J | mg/kg B19R-15' 0.4-0.42 0.062 100000 max 22000 nc No BSL
319-85-7 |beta-BHC 0.002 U 0.00881 mg/kg 97B16-6" 0.002 0.00881 13 ca 0.32 ca No BSL
117-81-7  |Bis(2-ethylhexyl)phthalate 04U 0.21J [ mgkg B19R-15' 0.4-0.42 0.21 120 ca 35 ca*| No BSL
7440-43-9 |Cadmium 0.775 5.23 mg/kg 9786-10.0' - 5.23 450 nc 37 nc No BSL
74-87-3 Chloromethane 05U 66.9 J | mg/kg 97B6-10.0" 0.5 66.9 160 nc 47 nc No BSL
184-74-2 Di-n-butyl phthalate 04U 0.14 B,J| mg/kg B19R-15' 0.4 0.14 62,000 nc 6100 nc No BSL
76-44-8 Heptachior 0.0012 U 0.0549 mg/kg 97B4-3" 0.0012-0.002 0.0549 0.38 ca 0.11 ca* No BSL
7439-97-6 |Mercury 0.075 U 0.178 mg/kg 97B6-10.0' 0.075 0.178 310 nc 23 nc No BSL N
75-09-2 Methylene chloride 0.05 U 111 mg/kg 97B15-10' 0.05 11 21 ca 9.1 ca Yes ASL
7440-02-0 |Nickel 5.4 54.8 J | mg/kg 97B6-10.0' -- 54.8 20,000 ca 1600 nc No BSL
1336-36-3 |PCB - 1260 0.002 U 0.0987 mg/kg 97B5-6" 0.002 0.0987 0.74 ca* 0.22 ca No BSL
7440-22-4 |Silver 0.29 42 mg/kg 97B13-6" - 4.2 5,100 nc 390 nc No 8SL
79-34-5 1,1,2,2-Tetrachloroethane 0.0125 U 15.3 mg/kg 97B1-4" 0.0125 15.3 0.93 ca 0.41 ca Yes ASL
7791-12-0 |Thallium 0.185 U 0.982 mg/kg 97B6-10.0’ 0.185 0.982 67 nc 5.2 nc No BSL
108-88-3 |Toluene 0.0625 U 96 mg/kg 97B13-6" 0.0625 96 520 sat 520 sat{ No BSL
1330-20-7 {Xylene, total 0.0625 U 0.24 mg/kg 97B18-7.5' 0.0625 0.24 420 sat 270 nc No BSL )
Notes: Definitions: COPC = Chemical of Potentiai Concern

M

EPA Region 9 Preliiminary Remediation Goal (PRG) is used (October, 2004).

Soil PRGs include ingestion, inhalation, and dermal contact exposure pathways.
¢ = carcinogenic risk, risk = 1x10°8

@

Rationale Codes Selection Reason:

nc = non-carcinogenic risk, Hi =1

Above Screening Levels (ASL)

Deletion Reason: Below Screening Level (BSL)
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MDC = Maximum Detected Concetration

U = UNDETECTED
B = Detected in Blank
J = VALUES ARE ESTIMATED

sat = soil saturation concentration




Scenario Timeframe: Current/Future TABLE 4-4a
Medium: Groundwater COMPARISON OF BACKGROUND LEVELS IN GROUNDWATER
Exposure Medium: Groundwater Quality Analytical Services Site
Blue Summit, Missouri
CAS Analyte Minimum Maximum Units | Location-Date | Range of |[Concentration Missouri Rationale for (2)
Number Detected in Concentration Detected of Maximum | Detection Used for Background Contaminant
Groundwater Concentration Concentration Limits Screening Levels (1) Deletion
(MDC) (MDC) range mean or Selection
7440-38-2 |Arsenic 0.01 U 0.088 mg/L | GW-12B (9/04) | 0.01-0.09 0.088 NA BNA
7440-39-3 |Barium 0.072 4.6 mg/L | GW-12A (5/05) - 4.6 24-650 200 BBL
7440-43-9 |Cadmium 0.005 U 0.048 mg/L | GW-12A (5/05) 0.005 0.048 < 0.001-0.003) <0.0014 ABL
18540-29-9 [Chromium, total 001U 0.7 mg/L | GW-12A (5/05) 0.01 0.7 NA BNA
7439-92-1 Lead 0.005 U 0.56 mg/L { GW-12A (5/05) 0.005 0.56 < 0.0057 ABL
7439-96-56 |Manganese 0.093 25 mg/L | GW-12A (5/05) - 25 0.06-2.9 0.47 ABL
7487-94-7  |Mercury 0.0002 U 0.00094 mg/L | GW-12A (5/05) 0.0002 0.00094 NA BNA
7440-02-0  |Nickel 0.01 U 0.57 mg/L | GW-12A (5/05) | 0.01-0.02 0.57 NA BNA
7782-49-2 |Selenium 0.01 U 0.042 mg/L | GW-10B (5/05) | 0.01-0.02 0.042 NA BNA
7440-22-4  |Silver 0.005 U 0.014 J | mg/L |GW-12C (12/03) 0.005 0.014 NA BNA

(1) Gerald L. Feder, 1979. “Geochemical Survey of Missouri — Geochemical Survey of Waters of Missouri . USGS Professional Paper 954-E.
Table 4, Glacial deposits.

(2) Rationale Codes

Definitions:

mg/L = milligrams per liter

< or U = undetected as detection limit
" J = estimated concentration

Selection Reason:

Deletion Reason:

Above Background Levels (ABL)
Background Level Not Available (BNA)
Below Background Level (BBL)




Scenario Timeframe: Current/Future TABLE 4-4b
Medium: Groundwater OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN
Exposure Medium: Groundwater Quality Analytical Services Site
Blue Summit, Missouri
CAS Chemical Minimum Maximum Units | Location-Date | Range of |Concentration Screening (] copc | Rationale for (2)
Number Detected in Concentration Detected of Maximum | Detection Used for Toxicity Flag Contaminant
Groundwater Concentration Concentration Limits Screening Values Deletion
(MDC) {MDC) Tap Water or Selection
7440-38-2 |Arsenic 0.01U 0.088 mg/lL | GW-12B (9/04) | 0.01-0.09 0.088 0.000045 ca Yes ASL
71-43-2 Benzene 0.001 U 0.0016 mg/l. | GW-11C (11/05){ 0.001-0.005 0.0016 0.00035 ca{ VYes ASL
104-51-8 n-Butyl benzene 0.001 U 0.005 mg/L | GW-11C (7/03) 0.001 0.005 0.24 nc No BSL
135-9.88 sec-Butyl benzene 0.001 U 0.0031 mg/l | GW-11C (7/03) | 0.001-0.005 0.0031 0.24 nc No BSL
7440-43-9  1Cadmium 0.005 U 0.048 mg/L | GW-12A (5/05) 0.005 0.048 0.018 nc Yes ASL
756-00-3 Chloroethane 0.001 U 0.0017 mg/l. | GW-11C (5/05) 0.001 0.0017 0.0046 ca No BSL
18540-29-9 jChromium, total 0.01 U 0.7 mg/L | GW-12A (5/05) 0.01 0.7 55 nc No 8SL
75-34-3 1,1-Dichloroethane 0.001 U 0.069 E mg/l. | GW-11C (11/05) 0.001 0069 E 0.81 nc No BSL
75-35-4 1,1-Dichloroethylene 0.001 U 0.0043 mg/L | GW-11C (11/05) 0.001 0.0043 0.34 nc No BSL
156-59-2 cis-1,2-Dichloroethylene 0.001 U 0.19 mg/L § GW-11C (8/04) 0.001 0.19 0.061 nc Yes ASL
123-91-1 1,4-Dioxane 0.001 U 2.80 mg/L | GW-11C (7/03) | 0.001-0.01 2.8 0.0061 ca Yes ASL
98-82-8 Isopropyl benzene 0.001 U 0.002 mg/L | GW-11C (7/03) { 0.001-0.005 0.002 0.66 nc No BSL
25155-15-1 |p-Isopropyl toluene 0.001 U 0.0011 mg/L. | GW-11C (7/03) | 0.001-0.005 0.0011 0.66 * No NSL
7439-92-1 Lead 0.005 U 0.56 mg/l. | GW-12A (5/05) 0.005 0.56 0.015 AL Yes ASL
7439-96-5 |Manganese 0.093 25 mg/L { GW-12A (5/05) - 25 0.88 nc Yes ASL
7487-94-7 |Mercury 0.0002 U 0.00094 mg/L. | GW-12A (5/05) 0.0002 0.00094 0.011 nc No BSL
1634-04-4  |Methyl tert-buty! ether (MTBE) 0.001 U 0.015 mg/L | GW-6B (7/03) 0.001 0.015 0.011 ca Yes ASL
{{91-20-3 Naphthalene 0.001 U 0.0059 mg/L | GW-6B (7/03) | 0.001-0.01 0.0059 0.0062 nc No BSL
7440-02-0  |Nickel 0.0t U 0.57 mg/L | GW-12A (5/05) | 0.01-0.02 0.57 0.73 nc No BSL
103-65-1 n-Propyl benzene 0.001 U 0.0022 mg/L | GW-11C (7/03) | 0.001-0.005 0.0022 0.24 nc No BSL
7782-49-2 |Selenium 0.01U 0.042 mg/l | GW-10B (5/05) | 0.01-0.02 0.042 0.18 nc No B8SL
7440-22-4  |Silver 0.005 U 0.014 J | mg/ll. |GW-12C (12/03) 0.005 0.014 J 0.18 nc No BSL
156-60-5 trans-1,2-Dichloroethene 0.001 U 0.0011 mg/l. | GW-11C (9/04) | 0.001-0.005 0.0011 0.12 nc No BSL
79-01-6 Trichloroethylene 0.001 U 0.019 mg/l. | GW-6B-(9/03) 0.001 0.019 0.000028 ca Yes ASL
95-63-6 1,2,4-Trimethylbenzene 0.001 U 0.0082 mg/L | GW-11C (7/03) | 0.001-0.005 0.0082 0.012 nc No BSL
108-67-8 1,3,5-Trimethylbenzene 0.001 U 0.0043 mg/L | GW-11C (7/03) | 0.001-0.005 0.0043 0.012 nc No BSL
75-01-4 Vinyl chloride 0.001 U 0.14 E | mgll JGW-11C (11/05) 0.001 014 E 0.00002 ca Yes ASL
1330-20-7 |Xylene (total) 0.003 U 0.0069 mgiL | GW-11C (7/03) 0.003 0.0069 0.21 nc No BSL

(1) EPA Region 9 Preliminary Remediation Goals (PRGs) Table on-line, last updated 2004. Values are for Tap Water. Definitions: mg/L = milligrams per liter

nc = poncarcinogen c= carcinogen COPC = Chemical of Potential Concern
U = Undetected

E = Exceeds calibration range, estimated

* = Isopropyl benzene PRG used as a surrogate for p-Isopropyl toluene since chemical structures are similar.
AL = EPA Action Level at the Tap for Lead; no PRG available

(2) Rationale Codes Selection Reason: Above Screening Levels (ASL) J = estimated concentration

Deletion Reason: Below Scresning Level (BSL)




TABLE 4-4¢
SELECTION OF CHEMICALS OF POTENTIAL CONCERN FOR VAPOR INTRUSION PATHWAY
COMPARISON OF GROUNDWATER CONCENTRATIONS WITH SCREENING LEVELS FOR VAPOR INTRUSION PATHWAY
Quality Analytical Services Site
Blue Summit, Missouri

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Indoor Air

Chemical of Maximum Groundwater SL Protective of Indoor Air Is MDC >
Potential Concern Units Detected Is COPC Table2C Table 3C SLgww?
in Groundwater Conc.’ toxic & VOC? ** 10-6 a=1x10"

Arsenic mg/l 0.088 No NE
Benzene mg/l 0.0016 Yes 0.005 14 No
Cadmium mg/l 0.048 No NE
cis-1,2-DCE mgfi 0.19 Yes 0.21 2.1 No
1,4-Dioxane mg/l 2.80 Yes NA NA NA
Lead mg/l 0.56 No NE
Manganese mg/l 25 No NE
MTBE mg/l 0.015 Yes 120 1.20E+03 No
Trichloroethylene mg/i 0.019 Yes 0.005 0.005 Yes
Vinyl Chloride mg/l 0.14 Yes 0.002 0.0025 Yes

Notes:

1. Obtained from Table 4-4b
2. Groundwater Screening Levels for the Vapor Intrusion Pathway (SLgw-vi) from EPA's Draft Subsurface Vapor Intrusion Guidance (EPA, 2002).
**VOC is defined as having a Henry's Law Constant > 10-5 atm m3/mol and sufficiently toxic is defined as a risk greater than 10-6 or hazard index greater than 1.
Table 2C - Generic Screening Levels at a target risk of 10-6.

Table 3C - Site-Specific Screening Level based on attenuation factor of 1x10-4 and TR = 10-6.
NE = Not Evaluated, not a concern under this pathway. NA = Screening level not available
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Medium:

Scenario Timeframe:

Exposure Medium:

Current/Future
Surface Water

Surface Water of the oxbow

TABLE 4-5a

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN
Quality Analytical Services Site

Blue Summit, Missouri

CAS Analyte Minimum Maximum Units Location Range of | Freq. |Concentration| Background Is Conc. Screening Toxicity Values }s Constituent (4
Number (totals) Concentration Detected of Maximum | Detection of Used for Values Comparable EPAAWQC (2) | MO (3)] selectedas
Concentration Concentration{ Limits [Detection] Screening Blue River | to Upgradient?| Human Health wQs COPC?
(MDC) (FOD) (MDC) BRU-1 (org) (org+water)] HHF

7440-38-2 _ |Arsenic 0.0t U ND mg/L - 0.01 0/ 10 ND 001 U Yes No nondetect
7440-39-3 _[Barium 0.11 0.2 mg/L 0X-10 -~ 10 / 10 0.2 0.1 No NA 10 NA No BSL B
7440-43-9 Cadrmium 0.005 U ND mg/l. - 0.005 0 / 10 ND 0.005 U Yes No nondetect
18540-29-¢ |Chromium, total 0.01 U 0.012 mg/L OX-10 0.01 1/ 10 0.012 0.01 U Yes No BBL
7430-92-1  |Lead 0.005 U 0.039 mg/lL OX-10 0.005 4 / 10 0.039 0.005 U No NA NA NA Yes SLNA
7439065 |Manganese 0.34 18 mgiL 0X-10 R PTAVART 18 001 U No 0.10 NA Yes ASL
7487-94-7 |Mercury 0.0002 U ND mg/L. - 0.0002 |0 / 10 ND 0.0002 U Yes No nondetect
;440-02-0 Nickel 0.01 U ND mg/L - 0.01 0o/ 10 ND 0.01 U Yes No nondetect
7782-49-2  |Selenium 0.01 U 0.017 mgiL OX-4 0.01 3710 0.017 0.01 U Yes No BBL
7440-22-4  |Silver 0.005 U ND mg/L - 0.005 0 / 10 ND 0.005 U Yes No nondetect

(1) EPA National Recommended Water Quality Criteria, Ofice of Water, U.S. Environmental Protection Agency, 2006.
Freshwater criteria is the Criterion Continuous Concentration (CCC), which is an estimate of the highest concentration of a material in surface water that an aquatic community can be exposed to
indefinitely without resulting in an unacceptable effect.
Organism (org) criteria is for consumption of organisms only and are based on a carcinogenicity of 10-6.
Organism plus water criteria is also based on surface water as a source of drinking water. This criteria is only provided if an org. only criteria is not available since the oxbow is not a drinking water source

2

HHF = Human Health Protection - Fish Consumption

(4) Rationale Codes

Definitions:

ND =

Selection Reason:

Deletion Reason:
mg/L = milligrams per liter of total analyte
U = Undetected at detection limit

Not Detected

BRU = Blue River Upstream Location

Above Screening Levels (ASL)
Below Screening Level (BSL)

Screening Level Not Available (SLNA)
Below or Comparable to Background Level (BBL)

Missouri Department of Natural Resources, Division 20 - Clean Water Commision, Chapter 7 - Water Quality (10 CSR 20-7.031).




Scenario Timeframe:

Medium:

Exposure Medium:

Current/Future
Sediment

Sediment of the oxbow

TABLE 4-5b
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN
Quality Analytical Services Site

Blue Summit, Missouri

CAS Analyte Minimum Maximum Units Location Range of| Freq. |Concentration |Background ValugScreening Valug Is Constituent &
Number (totals) Concentration Detected of Maximum | Detection of Used for MO Background Region 9 retained as
Concentration Concentration| Limits {Detectio Screening Soil Levels (1) PRGs (2) COPC?
(MDC) (FOD) {MDC) mean

7440-38-2 Arsenic 3.1 5.5 mg/kg 0OX-3 -- 10 / 10 5.5 8.7 No BBL
7440-39-3  |Barium 99 130 mg/kg 0X-9 -- 10 / 10 130 580 No BBL
7440-43-9  |Cadmium 0.125 U 0.44 mglkg 0X-6 025 |8 /10 0.44 1 U No BBL |
18540-28-9 |Chromium, total 10 15 mg/kg 0X-3 - 10 / 10 15 54 No BBL _
7439-92-1 Lead 17 51 mg/kg 0X-9 - 10 / 10 51 20 400 nc | No BSL
7439-96-5 |Manganese 200 340 mglkg 0X-3 —~ [0/ 10 340 740 No BBL
7487-94-7  |Mercury 0.023 0.11 mg/kg OX-4 - 10 / 10 0.11 0.039 23 nc | No BSL
7440-02-0  {Nickel 18 27 mg/kg 0X-3 - 10 / 10 27 14 1,600 nc | No BSL
7782-49-2 |Selenium 51 7.4 mg/kg OX-3 - 10 / 10 7.4 NA 390 nc | No BSL
7440-22-4  |Silver 025U ND mg/kg ND 025 |0 /10 ND ND No nondetect

(1) Tidball, Ronald, R., 1984, Geochemical Survey of Missouri: Geography of Scil Geochemistry and Classification by Factor Analysis of Missouri Agricultural Soils (USGS Professional Paper 954-H, |.)
Vaiues in hold were exceeded by maximum detected concentration and then compared to PRGs.
EPA Region 9 Preliminary Remediation Goal (PRG) for residential land use (October, 2004).

Soil PRGs include ingestion, inhalation, and dermal contact exposure pathways.

Rationale Codes

@ ¢ = carcinogenic risk, risk = 1x10°°

nc = non-carcinogenic risk, Hl = 1

Selection Reason:
Deletion Reason:

mg/kg = milligrams per kilogram
U = Undetected at detection limit

ND = Not Detected

NA = Not Available

(3) Above Screening Levels (ASL)
Below Screening Level (BSL)

Definitions:



Table 4-6
Summary of Oxbow Surface Water Samples
Quality Analytical Services Site
Blue Summit, MO

SAMPLE | DATE OF |ARSENIC |BARIUM |CADMIUM |CHROMIUM | LEAD  |MANGANESE|MERCURY |NICKEL  |SELENIUM [SILVER

NUMBER | COLLECTION| mg/ mg/l mg/i mg/l | mg/l mg/l mg/l [_mg/l mg/l mg/l
OX-1 19/8/2004 17:30] 0.01 U] 0.11 0.005 U 0.01 U] 0.005 U 0.01 U] 0.0002 U] 001U 0.011 0.005 U
OoXx-2 9/8/2004 17:10 0.01 U 0.1 0.005 U 0.01 U} 0.005 U 0.01 U| 0.0002 U 001U 0.0t U] 0.005 U
0OX-3 9/8/2004 16:15 001U 0.11 0.005 U 0.01 U} 0.005 U 0.01 Uy 0.0002 U 001U 001U} 0.005U
OX-4 9/8/2004 15:40 001U 0.1 0.005 U 0.01 Ui 0.005 U 001U} 0.0002 U 001U 0.011 0.005 U
OX-5 9/8/2004 14:40 001U 0.1 0.005 U 0.01 U} 0.005U 0.15 0.0002 U 001U 0.016 0.005 U
0X-6 9/8/2004 12:30 0.01U| 0.004 0.005 U 0.01 U} 0.005U 0.087 0.0002 U 0.01 U 0.01 U{ 0.005U
OX-7 9/8/2004 16:30 001U 0.1 0.005 U 0.01 U} 0.005 0V 001U} 0.0002U 001U 0.01 U| 0005V
0OX-8 9/8/2004 16:45 001U 0.1 0.005 U 0.01 U} 0.005 U 0.01 U} 0.0002 U 001U 0.01 U| 0.005 U
OX-9 9/8/2004 15:55 001V 0.27 0.005 U 0.01 U] 0.005 UV 0.30 0.0002 U 001U 0.01 U| 0.005U
0X-10 9/8/2004 14:55 001U 0.11 0.005 U 0.01 U} 0.005 U 0.28 0.0002 U 0.01U 0.01 U|{ 0.005U
Frequency of Detection (%) 0% 100% 0% 0% 0% 40% 0% 0% 30% 0%
Maximum Detected Conc. ND 0.27 ND ND ND 0.30 ND ND 0.016 ND
Average Concentration 0.122 0.085 0.007
BRD-1 9/8/2004 18:00 001U 0.11 0.005 U 0.01 U| 0.005U 0.01 U 0.0002 U 001U 0.01 U] 0.005U
BRU-1 9/8/2004 17:45 001U 0.1 0.005 U 0.01 U] 0.005 U 001U} 0.0002 U 001U 0.01 U] 0.005 U
EPAWQC ' freshwater CCC NA NA 0.005

HH organism NA NA 4.2
MO WQSs ¢ AQL NA NA 0.005
HHF NA NA NA

Defintions:
mg/l = milligrams per liter of dissolved analyte (except mercury which is total).
BRD = Blue River Downstream Location
BRU = Blue River Upstream Location
U= Undetected at or above detection limit
ND = Not Detected
NA = Not Available; constituent not an ecological receptor of concern.
Notes:

1. EPA National Recommended Water Quality Criteria, Ofice of Water, U.S. Environmental Protection Agency, 2004.
Freshwater criteria is the Criterion Continuous Concentration (CCC), which is an estimate of the highest concentration of a material in surface water that an aquatic
community can be exposed indefinitely without resulting in an unacceptable effect.
Human Health (HH) criteria is for consumption of organisms only and are based on a carcinogenicity of 10-6.
2. Missouri Department of Natural Resources, Division 20 - Clean Water Commision, Chapter 7 - Water Quality (10 CSR 20-7.031).
AQL = Protection of Aquatic Life
HHF = Human Health Protection - Fish Consumption



TABLE 4-7
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY FOR OFF-SITE AREA 1
Quality Analytical Services Site
Biue Summit, Missouri

Scenario Timeframe: Current/Future
Medium: Groundwater

Exposure Medium:  Groundwater (Off-Site Area 1)

Chemical Units] Arithmetic 95% UCL Maximum Exposure Point Concentration [1]
Exposure Point of Mean of the Mean Concentration
Potential (Student's t-UCL) EPC
Concern Value Units Statistic [a] Rationale [b]
pJGroundwater Arsenic mgl/l 0.011 0.013 0.03 0.017] mg/l |95% Chebyshev Test(1)
(On-site and Benzene - mg/l 0.00059 0.00068 0.0025 0.00068] mg/l |student's t-test Test(1)
Off-Site Area 1) Cadmium mg/l 0.00411 0.0049 0.014 0.0061] mg/l |95% Chebyshev Test(1)
cis-1,2-DCE mg/l 0.018 0.029 0.19 0.082] mg/l |99% Chebyshev Test(1)
1,4-Dioxane mg/l 0.286 0.434 2.80 1.16] mg/i [99% Chebyshev Test(1)
Lead mg/l 0.015 0.019 0.059 0.0374] mg/l |99% Chebyshev Test(1)
Manganese mg/l 0.864 1.17 6.40 1.17| mgl [95% H-UCL Test(2)
MTBE mg/l 0.0029 0.0038 0.015 0.0083] mg/l |99% Chebyshev Test(1)
Trichloroethylene mgl/l 0.0014 0.0022 0.019 0.0035] mg/l ]95% Chebyshev Test(1)
Vinyl Chioride mgfl 0.014 0.023 0.140 0.066] mg/l |99% Chebyshev Test(1)

Notes:
[1] Exposure Point Concentrations (EPCs) calculated using EPA's on-line ProUCL. Program.

“Test(1) = The data were determined to be neither normally or lognormally distributed using Shapiro-Wilks (sample size<=50) or the Lillifors Test (sample size > 50);
Non-Parametric value used.

Test(2) The data were determined to be normally distributed using Shapiro-Wilks Shapiro-Wilks (sample size<=50) or the Shapiro-Francia Calculation (sample size >
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TABLE 4-8
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY FOR OFF-SITE AREA 2
Quality Analytical Services Site
Blue Summit, Missouri

Scenario Timeframe: Current/Future
Medium: Groundwater

Exposure Medium:  Groundwater (Off-Site Area 2)

Chemical Units | Arithmetic 95% UCL Maximum Exposure Point Concentration [1]
Exposure Point of Mean of the Mean Concentration
Potential (95% UCL-N) EPC
Concern Value Units Statistic [a] Rationale [b]
Groundwater Arsenic mg/l 0.0211 0.026 0.088 0.027 mg/l 95% UCL- G Test(2)
(Off-Site Area 2) Cadmium mg/l 0.0046 0.0064 0.048 0.0094 mg/l | 95% UCL- Cheb Test(1)
cis-1,2-DCE mg/l 0.0059 0.010 0.12 0.032 mg/l | 99% UCL- Cheb Test(1)
1,4-Dioxane mg/l 0.044 0.057 0.24 0.061 mg/l 95% UCL- G Test(2)
Lead mg/l 0.034 0.055 0.56 0.16 mg/l | 99% UCL- Cheb Test(1)
Manganese mg/i 2.65 3.716 25 9.0 mg/l | 99% UCL- Cheb Test(1)
Trichloroethyiene mg/l 0.0011 0.0017 0.013 0.0025 mg/l | 95% UCL- Cheb Test(1)
Vinyl Chioride mg/l 7.48E-04] 8.97E-04 0.003 0.0011 mg/l | 95% UCL- Cheb Test(1)
Notes:

[1] Exposure Point Concentrations (EPCs) calculated using EPA's on-line ProUCL Program.
[a] Statistics: 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); 95% or 99% UCL using Chebyshev stat (95%-Cheb)
[b] Statistical Test definitions:
Test(1) = The data were determined to be neither normally or lognormally distributed using Shapiro-Wilks (sample size<=50) or the Liliifors Test (sample size > 50);
Non-Parametric value used.
Test(2) = The data were determined to be gamma distributed using Shapiro-Wilks (sample size<=50) or the Lillifors Test (sample size > 50); Gamma UCL used.
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TABLE 4.9

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY
SOIL TO AMBIENT AIR CONCENTRATION (Volatilization + Dust)
CONSTRUCTION WORKER AND COMMERCIAL WORKER

Quality Analytical Services Site

Blue Summit, Missouri

Construction Worker Indoor Commiind Worker Olitdoor Comm/ind Worker
Subsurface Sail Surface Sail Shallow Sail
Chemical of Potential Concern (mg/ka) CA (mg/r?) (mg/kg) CA (mg/n) (mg/kg) CA (mg/?)
Methylene Chloride 82.2 1.04E+00 ND 706 1.07E-01
1,1,2,2-Tetrachloroethane ND 105 2.81E-03 8.8 2.376-03
Equation: CA =Cs x (1/VF + 1/PEF)
where: CA = concentration in air (mg/nf) calculated Cs = Concentration in soil (mg/kg) chem specific
VF = Volatilization Factor (nf/kg) calculated
PEF' = Particulate Emission Factor {ri/kg) 1.32E+08 EPA PEF divided by 10 for construction activities
PEF = Concentration of dust in air (ri/kg) 1.32E+09 USEPA, 1996  (Soil Screening Guidance, EPA/540/R-95/128)
v x2S DT 0*(n# /)
(2=D,=n)
where:
(Ba"” sDisH ') + (6!»“3 . Dw) 1
Da= ~ . .
7 ((py® Ki)+ 6+ (60 HY)
Parameter (units) Value Source
Q/C = inverse of mean concentration at the center of a 30-acre-square source (g/fs per kg/m®) 41,85 Lincoln, NE USEPA, 1996
T = exposure interval (s) construction worker 2.6E+06 80 d; 8 hr/d Site-Specific
commercial worker 1.8E+08 250 dly; 8 hr/d Site-Specific
D, = effective diffusivity (cni/s) calculated
py = dry soil bulk density (g/cri) 1.50 EPA, 1996
ps = soil particle density (g/cnfi) 265 EPA, 1996
6, = air-filled s0il porosity (bore/lcon) 0.28 EPA, 1996
D; = diffusivity in air (cnf/s) chemical specific see below EPA, 2002
H' = Dimensionless Henrys' law constant chemical specific see below EPA, 2002
8,, = water-filled sail porosity (bor/Lsou) 0.15 EPA, 1996
D,, = diffusivity in water (cnf/s) chemical specific see below EPA, 2002
n = total soil porosity (lee/leon) 0.43 EPA, 1996
Kq = soil water partition coefficient (cn¥g) Koo X foc calculated
Ko = Organic carbon partition coefficient (crivg) chemical-spegcific EPA, 1996
foc = organic carbon content of scil (g/g) 0.006 EPA, 1996

page 1 of 2




TABLE 4.9

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY
SOIL TO AMBIENT AIR CONCENTRATION (Volatilization + Dust)
CONSTRUCTION WORKER AND COMMERCIAL WORKER
Quality Analytical Services Site

Blue Summit, Missouri

Chemical 6, 0, D Du H' n Po Koo Ky Da
(cm¥em®) (cmcm®) (cm¥s) (cm’s) (unitless) (gfem’®) (cm¥g)  (cm¥g) R (cm?s)
Methylene Chloride 0.28 0.15 1.01E-01 1.17E-05 8.98E-02 0.43 1.50 1.47E+01  7.02E-03] 2.52E-03
1.1.2.2-Tetrachloroethan 0.28 0.15 7.10E-02 7.90E-06 1.41E-02 0.43 1.50 9.33E+01 5.60E-0%| 7.87E-05
Chemical QiCy; n Da T 2 Pb 10 CW VF
(gfm?-s)/(kg/m®) (cm?s) (s) {glem®) (m%cm?) {m/kg)
Methylene Chioride 4165 3.14 2.52E-03 2.59E+06 2 1.50 1.00E-04 7.89E+01
Comm
Chemical QICy n Da T 2 P 10 Worker VF
(g/mP-s)/(kg/m?) (cm®s) (s) (g/em®) (m¥lcm?) (m°/kg)
Methylene Chioride 41.65 3.14 2.52E-03 1.80E+08 2 1.50 1.00E-04 6.57E+02
1,1,2,2-Tetrachiorosthan 41,65 3.14 7.87E-05 1.80E+08 2 1.50 1.00E-04 3.72E+03
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Table 4-10
Domenico and BIOCHLOR Model Assumptions
Quality Analytical Services Site, Blue Summit, MO

Modeling Parameter Value Used Units Rationale
Concentration of contaminant in groundwater at Mg/l Calculated value
distance X from source (C)
Concentration of contaminant in groundwater at Mg/l Chemical specific. Calculated 95% UCL value in each of two areas,
source (Csource) Offsite Area 1 and Offsite Area 2
Distance along centerline of groundwater plume 700 (Area 1) Feet Distance to “oxbow”
emanating from source (X) 400 (Area 2)
Distance along centerline of groundwater plume 1,900 ft Distance to Blue River
emanating from source (X)
Longitudinal Dispersivity (a,) 70 (Area 1) Feet Calculated value; function of X
40 (Area 2)
Transverse Dispersivity (ay) 7 (Area 1) Feet Calculated value; function of X
4 (Area 2) '
Vertical Dispersivity (a,) 0.001 Feet Calculated value; function of X, default value for BIOCHLOR
First order degradation rate for chemical 1/day Chemical specific. Anaerobic groundwater conditions.
Dry bulk density (py) 1.50 glcc MRBCA default value
Fraction of organic carbon (fy) 0.006 MRBCA default value
Organic carbon partition coefficient (Kqc) cclg Chemical specific
Soil-water partition coefficient (K;) cc/g Chemical specific
Groundwater seepage velocity ft/day Calculated value; v = ki/ng
Constituent retardation factor (R) Calculated value; R =1 + (p,* Ka/ne)
Groundwater source term width (S,,) 233 Feet Width of capped excavation perpendicular to groundwater flow
Groundwater source term thickness (Sy) 40 (A zone) Feet Average thickness of aquifer unit, based on site boring logs
25 (B zone)
10 (C zone)
Hydraulic conductivity (K) 0.004 (A zone) ft/day Site pump recovery data — November 14, 2003
0.03 (B zone)
0.011 (C zone)
Effective soil porosity (ne) 0.15 (A zone) Estimate based on lithology and pump test results
0.2 (B zone)
0.2 (C zone)
Gradient (i) 0.045/0.045 (A zone) Site specific values (April 2007 — pumping scenario/November 2007
0.051/0.047 (B zone) — non pumping scenario)
0.018/0.025 (C zone)




Table 4-11
Chemical-specific Parameters for Domenico and BIOCHLOR models
Quality Analytical Services Site
Blue Summit, MO

Constituent of Potential  Chemical solubility =~ Source concentration ~ Source concentration  First order degradation K, or K4 (metals)

Concern: (mg/L) ' Offsite Area 1 (mg/L)  Offsite Area 2 (mg/L)  constant (A) (day™)

benzene 1.75 x10° 0.00068 0 (anaerobic) 58.9
1,4-dioxane 1.0x10° 1.16 0.061 0 17
MTBE 51x10° 0.0083 . 0 11.2
TCE 1.1x10° 0.0035 0.0025 1.6x 10” 166
cis-1,2-dichloroethylene 3.5 x 10° 0.082 0.032 44x10° 35.5
vinyl chloride 2.76 x 10° 0.066 0.0011 4.0x10° 819
arsenic 0.0165 0.027 0 29
cadmium 0.0061 0.0094 0 75
manganese 1.17 8.9 0 50.1
lead 0.0374 0.16 0 890




Table 4-12a
BIOCHLOR Version 2.2 Fate and Transport Model Results
Quality Analytical Services Site
Blue Summit, MO

Aquifer | COPC | Years Calculated Downgradient Concentration (ug/L)
Zone From Area 1to | From Area 2 to Blue River
oxbow oxbow
Bio No Bio No Bio No
A TCE 6 0 0 0 0 0 0
DCE 0 0 0 0 0 0
vC 0 0 0 0 0 0
TCE 24 0 0 0 0 0 0
DCE 0 0 0 0 0 0
VvC 0 0 0 0 0 0
TCE 50 0 0 0 0 0 0
DCE 0 0 0 0 0 0
VC 0 0 0 0 0 0
C TCE 6 0 0 0 0 0 0
DCE 0 0 0 0 0 0
vC 0 0 0 0 0 0
TCE 24 0 0 0 0 0 0
DCE 0 0 0 0 0 0
\'® 0 0 0 0 0 0
TCE 50 0 0 0 0 0 0
DCE 0 0 0 0 0 0
VC 0 0 0 0 0 0
B TCE 6 0 0 0 0 0 0
DCE 0 0 0 0 0 0
VC 0 0 0 0 0 0
TCE 24 0 0 0 0 0 0
DCE 0 0 0 0 0 0
VvC 0 0 0 0 0 0
TCE 50 0 0 0 0 0. 0
DCE 0 0 0 0 0 0
VC 0 0 0 0 0 0
Notes:
COPC = constituent of potential concern TCE = trichloroethylene
DCE = cis-1,2-dichloroethylene VC = vinyl chloride
Bio = biodegradation considered in model No = biodegradation not considered in model
Modeling conditions assume groundwater system is shut-down
Model domains: Offsite Area 1 to oxbow = 700’ Offsite Area 2 to oxbow = 400’
Offsite Area 1 to Blue River = 1,900°
Groundwater zones: A = shallow groundwater zone (intercepted by surface water channels)
C = intermediate zone (intercepted by surface water channels, may not flow beyond
Blue River)

B = deeper groundwater zone




Table 4-12b
Domenico Fate and Transport Model Results
Quality Analytical Services Site
Blue Summit, MO

Chemical Source concentration | KcorKy | R Lambda Downgradient Groundwater
Concentrations
(mg/i_) (1/day) Oxbow Blue River
Offsite Area 1 — All aquifer zones (mg/L) (mg/L)
1,4-dioxane | 1.16 17 1.77 0 8.88E-01 6.11E-01
Benzene 0.00068 58.9 3.66 0 5.21E-04 3.58E-04
MTBE 0.0083 11.2 1.5 0 6.35E-03 4.37E-03
Arsenic 0.0165 29 218.5 0 1.26E-02 8.69E-03
Cadmium 0.0061 75 751 0 4.67E-03 3.21E-03
Manganese | 1.17 50.1 376.75 0 8.96E-01 6.16E-01
Lead 0.0374 890 6676 0 2.86E-02 1.97E-02
Offsite Area 2 — All aquifer zones
1,4-dioxane | 0.061 17 2.02 0 5.89E-02 2.05E-02
Arsenic 0.027 29 291 0 2.61E-02 9.07E-03
Cadmium 0.009 75 751 0 9.08E-03 3.16E-03
Manganese | 8.99 50.1 502 0 8.60E+00 2.99E+00
Lead 0.16 890 8,901 0 1.22E-01 5.37E-02

Notes: MTBE - methyl tert-butyl ether
All degradation rates (lambdas) are based on anaerobic conditions. Dissolved oxygen concentrations and other inorganic geochemical analyses
performed on November 2006 samples indicate that the aquifer is anaerobic.
Modeled concentrations were used to evaluate potential risks associated with exposures at the oxbow.



TABLE 4.13

VALUES USED FOR DAILY INTAKE CALCULATIONS
Quality Analytical Services Site

Blue Summit, Missouri

Scenario Timeframe: Future
Medium: Surface Soil
Exposure Medium: Surface Soil (Off-site Area 1)
Receptor Population: Commercial Worker (Aduit)
Exposure Parameter Parameter Definition Units RME Value RME Intake Equation/
Route Code Indoor Outdoor Rationale/ Model Name
Worker Worker Reference
Ingestion cs Chemical concentration in sail mg/kg Chem. Specific | Chem. Specific - Intake (mg/kg/day) =
IR-S Ingestion Rate mg/day 50 100 EPA, 2001 *IR-S*CE3*ED*EF*FI
CF3  |Conversion Factor 3 kg/mg 1.0E-06 1.0E-06 - BW*AT
FI Fraction Ingested unitless 1 1
EF Exposure Frequency days/year 250 225 EPA, 2001
ED Exposure Duration years 25 25 EPA, 2001
BW  |Body Weight kg 70 70 EPA, 2001
AT-C Averaging Time (Cancer) days 25,550 25,550 EPA, 2001
AT-N  |Averaging Time {Non-Cancer) days 9125 9125 Based on ED
Dermal Ccs Chemical concentration in soil mg/kg Chem. Specific | Chem. Specific - Dermally Absorbed Dose (mg/kg/day) =
CF3 Conversion Factor 3 kg/mg 1.0E-06 1.0E-06 - > * *SA*CF3*ED*
SA  |Skin Surface Available for Contact cm?/day NA 3,300 EPA, 2001 BW*AT
SSAF  [Soil to Skin Adherence Factor mg/cm?/event NA 0.2 EPA, 2001
DABS |Absorption Factor unitless NA Chem. Specific | USEPA, 2004 |Applicable only to non-VOC compounds
EF Exposure Frequency days/year NA 225 EPA, 2001 COPCs in soil are VOCs
ED Exposure Duration years NA 25 EPA, 2001
BW  |Body Weight kg NA 70 EPA, 2001
AT-C  |Averaging Time (Cancer) days NA 25550 EPA, 2001
AT-N Averaging Time (Non-Cancer) days NA 9125 Based on ED
Inhalation CA Chemical Concentration in Air mg/m® Table 4.9 Table 4.9 - Intake (mg/kg/day) =
ambient air IR Inhalation Rate m’/day NA 20 EPA, 2001 A INR*EF™
EF Exposure Frequency days/year NA 225 EPA, 2001 BWAT
ED Exposure Duration years NA 25 EPA, 2001
BW Body Weight kg NA 70 EPA, 2001
AT-C  |Averaging Time (Cancer) days NA 25550 EPA, 2001
AT-N  |Averaging Time (Non-Cancer) days NA 9125 Based on ED

USEPA, 2004. Risk Assessment Guidance for Superfund. Volume |: Human Heaith Evaluation Manual. Supplemental Guidance. Dermal Risk Assessment.
USEPA, 2001. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24




VALUES USED FOR DAILY INTAKE CALCULATIONS

TABLE 4.14

Quality Analytical Services Site

Blue Summit, Missouri

Scenario Timeframe: Future
Medium: Sub/Surface Soil
Exposure Medium: Subsurface Soil (Off-site Area 1)
Receptor Population: Construction Worker
Exposure Route | Parameter Parameter Definition Units RME RME Intake Equation/
Code Value Rationale/ Mode!l Name
Reference
Ingestion CS Chemical concentration in soil mglkg Chemical Specific - Intake (mg/kg/day) =
IR-S§ Ingestion Rate mg/day 330 USEPA, 2001b CS*IR-S*CFI*ED*EF*EL
CF3 Conversion Factor 3 kg/mg 1.0E-06 - BW*AT
Fl Fraction Ingested unitless 1.0
EF Exposure Frequency days/year 90 MDNR, 2005
ED Exposure Duration years 1.00 USEPA, 2001b
BW Body Weight kg 70 USEPA, 2001b
AT-C Averaging Time (Cancer) days 25,550 USEPA, 2001b
AT-N Averaging Time (Non-Cancer) days 365 Based on ED
Dermal Ccs Chemical concentration in soil mg/kg Chemical Specific - Dermally Absorbed Dose (mg/kg/day) =
CF3 Conversion Factor 3 kg/mg 1.0E-06 - *SSAF‘DABS* *ED*EF
SA Skin Surface Availabie for Contact * cm? 3,300 USEPA, 2001b BW*AT
SSAF  |Sail to Skin Adherence Factor mg/cm Yevent 03 USEPA, 2001b
DABS  |Absorption Factor unitiess Chemical Specific USEPA, 2001a  |Applicable only to non-VOC compounds
EF Exposure Frequency days/year 90 MDNR, 2005 COPCs in soil are VOCs
ED Exposure Duration years 1.00 USEPA, 2001b
Bw Body Weight kg 70 USEPA, 2001b
AT-C Averaging Time (Cancer) days 25,550 USEPA, 2001b
AT-N Averaging Time (Non-Cancer) days 365 Based on ED
Inhalation CA Chemical Concentration in Air mg/m® Chemical Specific — Intake (mg/kg/day) =
IR Inhalation Rate - Outdoor m®/day 20 USEPA, 2001b CA'INR*EFED,
EF Exposure Freguency days/year 90 MDNR, 2005 BW*AT
ED Exposure Duration years 1.00 USEPA, 2001b
BW Body Weight kg 70 USEPA, 2001b
AT-C Averaging Time (Cancer) days 25,550 USEPA, 2001b
AT-N Averaging Time (Non-Cancer) days 365 Based on ED
Notes:

1 - Assumes face, forearms, and hands are exposed.

Sources:

USEPA, 2001a. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. Supplemental Guidance. Dermal Risk Assessment.
USEPA, 2001b. Suppiemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9356.4-24




TABLE 4-15a

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Recreational User - Surface Water Scenario

QAS Facility, Blue Summit, MO

Scenario Timeframe: Future
Medium: Ground Water
Exposure Medium: Surface Water
Exposure Area: Blue River Oxbow
Chemical Units Modeled . Estimated
of Groundwater Mixing Surface
Zone
Potential Concentration | pilution Water
Concern at Oxbow Factor Value
rsenic mg/lL 2.61E-02 11% 2.79E-03
Cadmium mg/L 9.08E-03 11% 9.99E-04
Manganese mg/L 8.60E+00 11% 9.46E-01
L ead mg/L 1.22E-01 11% 1.34E-02
Benzene mg/L 5.21E-04 1% 5.73E-05
cis-1,2-Dichloroethylene mg/L NM 11% NM
1,4-Dioxane mg/L 8.88E-01 11% 9.77E-02
TBE mg/L 6.35E-03 11% 6.99E-04
richloroethylene mg/L NM 11% NM
inyl chloride mg/L NM 11% NM

(1} Maximum groundwater concentrations modeled from Off-site Area 1 or 2
using Biochior/Domenico models.

N#M = not measurable




VALUES USED FOR DAILY INTAKE CALCULATIONS

TABLE 4-15b

QAS Facility
Blue Summit, MO

Scenario Timeframe: Future (assuming RS shutdown)
Medium: Ground Water
Exposure Medium: Surface Water
Exposure Point: Oxbow
Receptor Population: Recreational User
Receptor Age: Aduit
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/
Code Value Rationale/ Model Name
Reference
Ingestion C Chemical Concentration in Surface Water mg/L Table 4-15a Chronic Daily intake (CDI) (mg/kg/day) =
CF Conversion Factor mgfug 1 - CHIR*EF*ED*CF
IR Ingestion Rate of Surface Water L/day 0.05 Swimming, EPA, 1989 BW*AT
EF Exposure Frequency days/year 20 1 dy/wk for 5 months/yr
ED Exposure Duration years 24 USEPA, 1997
BW Body Weight kg 70 USEPA, 2004
AT-C Averaging Time (Cancer) days 25550 USEPA, 2004
AT-N Averaging Time (Non-Cancer) days 8760 USEPA, 2004
Dermal DAevent Absorbed dose per event mg/cm’-event Tables 4-16a & 4-16b Dermally Absorbed Dose (mg/kg/day)
SA Skin Surface Available for Contact cm? 18000 USEPA, 2004 DAevent x EV x ED x EF x SA
EV Event Frequency events/day 1 BW*AT
EF Exposure Frequency days/year 20 1 dy/wk for 5 monthsfyr
ED Exposure Duration years 24 USEPA, 1997
BW Body Weight kg 70 USEPA, 2004
AT-C Averaging Time (Cancer) days 25550 USEPA, 2004
AT-N Averaging Time (Non-Cancer) days 8760 USEPA, 2004
Sources:

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol.1 Human Heaith Evaluation Manual, Part A, OERR. EPA/540/1-89/002.

USEPA, 1997; Exposure Factors Handbook. EPA/600/P-95/002Fa.

USEPA, 2004. Risk Assessment Guidance for Superfund. Volume I Human Health Evaluation Manual. Supplemental Guidance. Dermal Risk Assessment.




TABLE 4-15¢

VALUES USED FOR DAILY INTAKE CALCULATIONS
QAS Facility

Blue Summit, MO

cenario Timeframe: Future (assuming RS shutdown)
Medium: Ground Water
Exposure Medium: Surface Water
Exposure Point: Oxbow
Receptor Population: Recreational User
Receptor Age: Child
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/
Code Value Rationale/ Mode! Name
Reference
Ingestion C Chemical Corncentration in Surface Water mg/L Table 4-15a Chronic Daily Intake (CDI) (mg/kg/day) =
CF Conversion Factor 1 .- CCGW!IR*EF*ED*CF
IR Ingestion Rate of Surface Water L/day 0.05 Swimming, EPA, 1989 BW*AT
EF Exposure Frequency dayslyear 20 1 dy/wk for 5 months/yr
ED Exposure Duration years 6 USEPA, 1994
BW Body Weight kg 15 USEPA, 2004
AT-N Averaging Time (Non-Cancer) days 2190 Based on ED
Dermal DAevent Absorbed dose per event mglcm®-event Tables 4-16a & 4-16b Dermally Absorbed Dose (mg/kg/day)
SA Skin Surface Available for Contact om? 6600 USEPA, 2004 DAevent x EV x ED x EF x SA
EV Event Freguency events/day 1 USEPA, 2004 BW*AT
EF Exposure Frequency days/year 20 1 dy/wk for 5 months/yr
ED Exposure Duration years 6 USEPA, 2004
BW Body Weight kg 15 USEPA, 2004
AT-N Averaging Time (Non-Cancer) days 2190 Based on ED
Sources:

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol.1 Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
USEPA, 1991: Risk Assessment Guidance for Superfund - Supplemental Guidance- Standard Default Exposure Factors Interim Final.

USEPA, 1997: Exposure Factors Handbook. EPA/600/P-95/002Fa
USEPA, 2004. Risk Assessment Guidance for Superfund. Volume |: Human Health Evaliuation Manual. Supplemental Guidance. Dermal Risk Assessment.




TABLE 4-16a
ABSORBED DOSE (DAevent) CALCULATION FOR ORGANIC COMPOUNDS
Recreational User - Surface Water Scenario
QAS Facility, Blue Summit, MO

DAevent (mglcmz-event) is calculated for organic compounds as follows:

I toyory S 7, th| Pheven =2 FAx K x Cyy ’6 Tevens X Levem
ks

% 2
Wl 00 =F“prc“{rm,,, 2 [1+3B+3B J]

1+ B (+ By
where: FA = Fraction Absorbed Water (dimensionless)
K, = Dermal Permeability Coefficient of Compound in water (cm/hr)

MW = Molecular Weight (g/mole Ko, MW FA
Benzene = 1.5E-02 cm/hr 78.10 g/mole 1.00
cis-1,2-Dichlorethylene = 7.67E-03 cm/hr 96.90 g/mole 1.00
1,4-Dioxane = 3.30E-04 cm/hr 88.10 g/mole 1.00
MTBE = 2.570E-03 cm/hr 88.15 g/mole - 1.00
Trichloroethylene = 1.20E-02 cm/hr 131.40 g/mole 1.00
Vinyl chioride = 5.60E-03 cm/hr 62.50 g/imole 1.00

C,, = Chemical Concentration in Water {mg/cm®) Tovens = 0.105 x 10(0.0056 A1)
7 ovent = Lag time per event (hr/event)
Benzene = 0.29 hrievent
cis-1,2-Dichlorethylene = 0.37 hr/event
1,4-Dioxane = 0.33 hr/event
MTBE = 0.33 hr/event
Trichloroethylene = 0.57 hr/event
Vinyl chioride = 0.24 hrlevent
tevemt = Event Duration (hr/event) 1.00 hr/event

t* = Time to Reach Steady-state (hr)

B<0.6, thent =241,

Benzene = 0.69 hr
cis-1,2-Dichlorethylene = 0.88 hr
1,4-Dioxane = 0.78 hr
MTBE = 0.79 hr
Trichioroethylene = 1.37 hr
Vinyl chioride = 0.56 hr

B = Dimensionless ratio of permeability coefficient of compound

B=K P ;{:V cmlhr

Benzene = 5.10E-02 cm/hr

cis-1,2-Dichlorethylene = 2.90E-02 cm/hr

1,4-Dioxane = 1.19E-03 cmihr

MTBE = 9.28E-03 cm/hr

Trichloroethylene = 6.20E-02 cm/hr

Vinyi chloride = 1.70E-02 cm/hr
DAevent = Benzene 1.34E-09 mg/cm>event

cis-1,2-Dichlorethylene 0.00E+00 mg/cm>event

4,4-Dioxane 5.33E-08 mg/cm?-event

MTBE 2.96E-09 mgicm®-event

Trichlorosthylene 0.00E+00 mg/cm>event

Vinyl chloride 0.00E+00 mg/cm’event

USEPA, 2004. Risk Assessment Guidance for Superfund. Volume I: Human Heaith Evaluation Manual.
Supplemental Guidance. Dermal Risk Assessment (RAGS Part E).



TABLE 4-16b
ABSORBED DOSE (DAevent) CALCULATION FOR INORGANIC COMPOUNDS
Recreational User - Surface Water Scenario
QAS Facility, Blue Summit, MO

DAevent (mg/cmz-event) is calculated for inorganic compounds as follows:

D =prCW><t

event event

where:
C,, = Chemical Concentration in Water (mg/cms)
K, = Demal Permeability Coefficient of Compound in water (cm/hr)

Arsenic = 0.001 cm/hr
Cadmium = 0.001 cm/hr
Manganese = 0.001 cm/hr
Lead = 0.0001 cm/hr
tovert = Event Duration (hi/event) 1.00 hr/event
DA event Arsenic = 2.79E-09
Cadmium = 9.99E-10
Manganese = 9.46E-07
Lead = 1.34E-08

USEPA, 2004. Risk Assessment Guidance for Superfund. Volume I Human Health Evaluation Manual.
Supplemental Guidance. Dermal Risk Assessment (RAGS Part E).




TABLE 4-17a
INHALATION NON-CANCER AND CANCER TOXICITY DATA FOR
COMMERCIAL & CONSTRUCTION WORKER SCENARIOS
Quality Analytical Services Site - Blue Summit, MO

Non-Cancer Toxicity Data Cancer Toxicity Data
Chemical Subchronic| Inhalation Inhalation Primary Inhalation Inhalation Cancer{ Cancer
of Potential Chronic/ RfC Adjustment RfOD Target Source Unit Risk | Adjustment Slope Factor Guideline Source Date

Concern mg/m® (1) mg/kg-day Organ 1/(mg/m®) ) 1/(mg/kg-d) Description

1,4-Dioxane chronic | 3.0E+00 | RfDix 70/20 | 8.57E-01 | CSN, nasal CalEPA 7.7E-03 | SFix 20/70 2.7E-02 B2 CalEPA 2005
Methylene chloride chronic | 3.0E+00 | RfDix 70/20 | 8.57E-01 | Cardio,CSN HEAST 4.7E-04 | JUR x 70/20 1.65E-03 B2 IRIS 2007 |

1,1,2,2-Tetrachloroethane chronic | 2.1E-01 | RfDix 70/20 | 6.0E-02 Liver PPRTV 5.8E-02 | IUR x 70/20 2.03E-01 C IRIS 2007
Trichloroethylene (upper bound) chronic | 4.0E-02 | RfC x 20/70 | 1.14E-02 | CSN, Liver NCEA 1.1E-01 | SFix 20/70 4.0E-01 (3) NCEA 2001
Trichloroethylene (lower bound) chronic 3.1E-03 | SFix 20/70 1.1E-02 (3) EPA 1987
Vinyl chloride - residential chronic 1.0E-01 | RfDi x 70/20 | 2.86E-02 Liver IRIS 8.8E-03 | IUR x 70/20 3.08E-02 A IRIS 2007
Vinyl chloride - non-residential chronic 1.0E-01 Liver RIS 4.4E-03 { IUR x 70/20 1.54E-02 A IRIS 2007
IRIS = Integrated Risk Information System; online database last updated January 25, 2007. EPA Group:

NCEA = National Center for Environmental Assessment

Cal EPA = California EPA

PPRTV = EPA's Provisional Peer Reviewd Toxicity Values
RfDi = Reference Dose - Inhalation RfC = Reference Concentration

SFi = Cancer Slope Factor - Inhalation
(1) RIC mg/m® (air) = RfDi (mg/kg-day) X 70 kg X 1/20 m*/day.
(2) Unit Risk (UR) per mg/m® (air) = SFi (per mg/kg-day) X 1/70 kg X 20 m’/day.

A - Human carcinogen

B1 - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicates sufficient evidence in animals and
inadequate or no evidence in humans

C - Possible human carcinogen
D - Not classifiable as a human carcinogen

E - Evidence of noncarcinogenicity

(3) Risk estimates for TCE were calculated using a range of toxicity values, as recommended by EPA Region 7, where a SFi of 4.0E-01 (mg/kg-day)-1 and a RfC of 0.04 mg/ represents the upper bound

from the 2001 TCE Tox Assessment and the EPA's original 1987 provisional value, a SFi of 1.1E-02 (mg/kg-day)-1 to represent the lower bound (LB) estimate.

Only the RfC of 0.04 mg/m3 was recommended by Region 7. According to the draft TCE Assessment, TCE is'highly likely to produce cancer in humans




TABLE 4-17b
ORAL/DERMAL NON-CANCER AND CANCER TOXICITY DATA
COMMERCIAL & CONSTRUCTION WORKER SCENARIOS
Quality Analytical Services Site - Blue Summit, MO

Non-Cancer Toxicity Data Cancer Toxicity Data
Chemical Subchronic Oral | Oral-Dermai| Dermal Primary | Combined Cancer Slope |Oral to Dermal Dermal
of Potential Chronic/ RfD Adjustment RfD Target UF/MF | Source{ Date Factor Adjustment Slope Factor |Cancer Guideline] Source Date

Concern mg/kg-d | ABSg (1) | mg/kg-day| Organ Factors 1/(mg/kg-d) 1) 1/(mg/kg-d) Description

Methylene chioride chronic | 6.0E-02 | 1.0E+00 6.0E-02 Liver 100/1 IRIS | Jan-07 7.5E-03 1.0E+00 7.50E-03 B2 IRIS Jan-07
Ih ,1,2,2-Tetrachloroethane chronic | 6.0E-02 | 1.0E+00 6.0E-02 PPRTV 2.0E-01 1.0E+00 2.0E-01 C IRIS Jan-07

N/A = Not Available EPA Group:
IRIS = Integrated Risk Information System; online database last updated August 2005. A - Human carcinogen

PPRTV = EPA's Provisional Peer Reviewd Toxicity Values

RfD = Reference Dose
SF = Cancer Slope Factor

B1 - Probable human carcinogen - indicates that limited human data are available

B2 - Probable human carcinogen - indicates <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>